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FIELD OF THE INVENTION 

i he present invention relates to the construction ot variants of cyclodextnn 
giueanobansferases (CGTases'P in particular variants having the ability to form linear 
5> oligosaccharides. 

BACKGROUND OF THE INVENTION 

Pdh files 1COG, 1FAM, ICY© and 1CIU (available at vvvvw.fesb.oro/) show the 
amino acid sequences and three-dimensional structures of several cyclodextnn 
giucanotransfofases -CGTasesi. VV0.99437M shows the amino acid sequence and three- 
10 d men unrt ai\c !i h,\^ n 

Nco jrnyt ® 

Variants of a cyclodextrln clucanotransfefase (OGTese) have been described In the 
anci arr vno.) ,:-a<n > < *■ s 0043 i RJ Leerohuis -What makes cyclodextrln 
glycosyfcransferase a transglycosyiasa^ University Library Gronlngen, 2003. H. Uemhuls et 
16 al ; Journal of Biotechnology, 103 (2503), 203-212. H, Leernhuls et at, Biochemistry, 2003, 
42, 7S18-7S26. 

L Beier et ai., Protein Engineering, vol 13, no, 7, pp. 509-51 3, 2000 is titled 
"Conversion ot too maitogenic o>amy;ase Nova.my! into a o-G i ase", 

SUMMARY OF THE INVENTION 

20 

CGTase to obtain variants- The variants may form linear oligosaccharides as an Initial 
product by starch hydrolysis and a reduced amount of cyclodextrln and may be useful for 
anti-staling in baked products. The method is based on a comparison of three-dimensional 
(3D) structures of the CGTase with the structure of a maitogenie aipha-amyiase where one 
25 or both models includes a substrate. The invention also provides novel CGTase variants. 

Accordingly, the invention provides a method of producing a variant polypeptide, 
which methoa comprises: 

a) providing an amino acid sequence and a three-dimensional model for a 
Cyclodextrln giucanotrarssferase (CGTase) and for an amino acid sequence for a maltogenic 
30 alpha-amylase wherein one or both models <no<udes a substrate, 
on uperimposing the two three-c c oc s 

c) selecting an amino acid residue in the CGTase which: 

i) has a C-alpha atom located "> 0.8 A from the C-aipha atom of any 
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amino acid esidue n the maitogenio ai| c 10 fron 

atom of a substrate, 

ti) has a C-aipna v -}?om located < 6 A from a noc-H atom of an amino 

add residue of the ma c to lue 190-194 o 
S SEQ ID NO; 17. or 

sis) is m a subsequence {a 'loop") of the CGTase wherein eaoli 

sasa ha aton $ 0.8 Afros < N , salon slclue ?n 

llOA MM - x ^ \ 7 N n 

ias aC-a » I > s e, or is § no sg t K o th c: amino 

10 acids adjacent to such subsequence in ihe amino acid sequence, 

d) modifying the CGTase sequence wherein the modification comprises: 
i « etic i o the 5 

selected residue, and 

e) producing the polypeptide having the resulting ammo acid sequence, 

15 The invention also provides a variant polypeptide which has an amino acid 

sequence with at least 70% identity to SEQ ID NO: 8; and has the ability to form linear 

oligosaccharides as an initial product when acting on starch. 

Compared to SEQ ID NO; 6, the variant polypeptide may comprise at least one 

additional amino acid in a region corresponding to amino acids 194-198 and have a different. 
20 amino acid or an insertion or deletion at a position corresponding to amino acid 16, 47, 88- 

95, 117, 139, 145, 148. 152, 153, 168, 189. 174, 184, 191, 200-289, 288, 288,298, 314, 33$, 

413, 558, 602 or 877, 

Alternatively, compared to SEQ ID NO: 6 the variant polypeptide may compose at 

least one additional amino acid in a region corresponding to amino acids 260-269 and have a 
25 different amino acid or an insertion or deletion at a position corresponding to amino acid 18, 

47, 88-95, 117, 130, 145, 148, 152, 183, 168, 189, 174, 181, 184, 191, 184, 285, 288, 298, 

314, 335,413, 556, 602 or 677. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows an alignment of vane s knew, CG isc si > < - s >> 1 m mm 

30 below. 

diows the results of r i c - ' 17 I OGTass 

Q ID N I Iqho for the ma ? i 4 17). 

Details are iescrii eel in Example 1 . 
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DETAILED DESCRIPTION OF THE INVENTION 
CGTas© 

The method oi the invention uses an amino acid sequence of a CGTase and a 
t ! < ; i . ii mock 0' n CGI se . CG may have < ta r.ad. o-nd the 
5 mode; ma nciude ; 

The CGTase may have a three-dimensional structure found under the indicated 
identifier in the Protein Data Bank :e; : e;ei;£Q. 3. arcU'Sns (1CDG), alkaiophiilo Bacilhs 
(1PAM), 3 stesmdmromphGm GCYG) or rhernKX-hnasrobatferium ibeimo^Mjngenes 
(1CIU, 1A47). 3D structures for other CGTases may be constructed as described in Example 

Fig 1 shews an alignment sf the following . m\\ < G • . -ens. each 

identified by accession number in the GeneSeqP database arid by source organism. Some 
sequences induce a propeptide, but only the mature peptide is relevant for Ms Invention. 
SEQ ID NO: 1 aab71493.gcg B. ag&mdhw&ns 
15 SEQ ID NO. 2. a >6.g < s 

SEQ ID NO: 3, cdgljpaema gcg Pa® vbadikm m ic&! * idlkis N > -i > ms) 
SEQ ID NO: 4. cdg2_paema.gcg Faon <. <. < 
SEQ ID NO: 5. cdgtjhetu.geg Thmnoana&robacterthermosutfumgenes 
- « < , >,\> ^ . , I 
20 SEQ ID NO; 8. aawOS772.gsg Th&nnoanaerohaciBrn^rmcmsipiHsng^n^ sp. ATCC 

53827 (SEQ ID NO: 3) 

SEQ ID NO: 7. edgLbacci.geg Bacillus cimalam 
SEQ ID NO' 8 edgt Jiemii.gcg Bao/r/es < {strain 38-2) 
SEQ ID NO: 8. cdgU>acsO,gog 8aviilus-$p, {strain 1011} 
25 N u _&acs3gcg£ i 

SEQ ID NO: 11 edgu_>accs gcrg *\ 

>EQ ID NO c p.gc i 17-1, WO 03068 6 e 3 

ID NO: 4) 

SEQ SO NO- 13. cdgt„feacoh.gcg Bacillus ohbensis 
30 SEQ ID NO U cdgL.bacs2.gcg Ba in r1 

S- Q ID NO; 15. c scg p o 

5 ID NO '<? oo _ ! < » < n > . 

To develop variants of a CGTnse without a known 3D structure, the sequence may 
be aligned with a CGTass having a known 3D structure. An alignment for a number of 
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CGTase sequences is shown in rig. 2. Other sequences may he aligned by conventional 
methods, e.g, by use the software GAP from UWGCG Version 8, 



lm - ^ ,< as :> £C 

6 3,2.1.133) and a three-dimensional model of the myogenic ajpna-amyiase. The myogenic 
alpha-amyisse may have a catalytic triad, and the model may Include a substrate. The 
mutagenic aipha-amyiase may have the amino acid sequence shown in SEG ID NO: 17 (in 
the following referred to as Novamyl), A 3D mods! for Novamyi with a substrate is described 
snUP-* t a i,- ^Ut jdeTfie I QHO, Alternatively, 

10 the myogenic aioha-amyiase may be a Novamyi variant described in US 6182628. A 3D 
structure of such a variant may be developed from the Novamyi structure by known methods, 
e.g.. as described in T.L. Biundeli et ah, Nature, vol 326, p. 347 ff (26 March 198?); J. Greer, 
Proteins; Structure, Function and Genetics, 7:317-334 (1990); or Example 1 of WO 9 6233/4. 
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The two 3D models may be superimposed by aligning the amino acid residues of 
5 by methods known In f 

of heavy atoms in the two triads, e.g. by minimising the sum of squares of deviations. 
Alternatively, the superim position may be done so as to keep deviations between 
corresponding atoms below 0.8 A, e.g. below 0.6 A, below 0.4 A„ below 0.3 A or below 0.2 
A. 

Alternatively, the superimpose may be based on the deviations of alt 
corresponding pairs of amino add residues as shown in the alignment in Pigs. 4-5 of WO 
9943793 and bringing the sum of square of a!! deviations to a minimum. 

In the superimposed 3D models, amino acid residues in the CGTase sequence are 
selected if they meet at least one of three conditions: 

* The CGTase residue has a C-alphs atom located > 0.8 A from the C-afpha atom of 
any amino acsd residue in the maltogenie aipha-amyisse. and it is located < 10 A from an 

« The CGTase residue has a C-a.ipha atom located < 6 A from a heavy atom (i.e., an 
atom other than H) of an amino acid residua of the maitogenlc aipha-amyiase corresponding 
to residue 190-104 of 8E.Q ID NO; 17. 
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* The CGTase residue is in a subsequence (a loop") of the CGTase or in the prs-ex" 
or "post-fix" of the loop. The CGTase loop m a subsequence wherein each residue has a C~ 
aipha atom located > 0.8 A from the C-aipha atom of any residue in the maitogenie alpha- 
amylase sequence, and at least one CGTase residue of ths loop has a C-aipha atom located 

3 <10 A from a substrate. The pre-fix and post-fix aro defined as three amine acid residues in 
the sequence before and after the loop. 

The selected CGTase residue may correspond to residue 47, 75, 77. 78, 35, 86, 87, 
88, 89, 90, 91, 92, 03, 94, 95, 98, 102, 139, 140, 141, 142, 143, 144, 145, 146, 162, 153, 
188, 169, 180, 181, 182, 183, 184, 185, 188, 187, 191, 198, 184, 195, 196, 197, 193. 199, 

10 200, 231, 234, 235, 282, 263, 264, 285, 286, 286, 287, 288, 280, 292, 296, 298, 335, 353, 
389, 370, 413, or 658 of SEQ ID NO: 5. 

Modifications el CGTase amino acid ssqaence 

A selected CGTase residue may be deleted or may be substituted with a different 
may l z ma e with the same amino acid residue as found at a 
IS correspond;^ position in an alignment with the maitogenie aipbaeemmisc r. ice or with 
a residue of the same type. The type indicates a positively charged, negatively charged, 
hydrophilic or hydrophobic residue, understood as follows (Tyr may be hydrophilic or 
hydrophobic): 

Hydrophobic amino adds: Ala, Val, teu !f© s Pro, Phe, TrpyGiy, M&t t Tyr 
20 Hydrophilic amino acids: Thr Sep Gin, Asn, Tyr, Cys 

Positively charged amino acids: Lys, Arg, His 
Negat i as v 

The substitution of the CGTase residue may be with a larger or smaller residue 
av ui <- : "vc - 5 cspondr\ ? t\ the 

25 maitogenie aipha-amyiase sequence, in this connection, the residues are ranked as follows 
from smallest to largest: (an equal e indicates residues with sizes that are practically 
indistinguishable): 

•0 * A~S~C « V=T < F < L~i~N~D~M < E~Q < K < H < R < F < Y < W 
One or more amino acid residues may be inserted at a position adjacent to the 
30 select O Si * sldue or. Its 1 - 1 f he it sertfon n ay be made at a 

position in the CGTase sequence where the maitogenie amylase contains additional 
- es and the insertion may cons, is of an equ^l ru be oi residues or th in ertio ma> 
have one or two fewer or more residues. Each Inserted residue may be the same as the 
c s ->>-j ( - " mrvsa* - res due cr ei ihe i~ame fvpe 

6 



WO 2005/ 



The Insertion may particularly be made at a position corresponding to residues in 
the regions 35-96 "93-200 or 280-289 of SEQ 10 NO: 5. The insertion at residues '93-200 
ma^ pa c \ a- c ^ ™ >03:ies e; I ^ « ni may 

particularly consist of DPAGF, e.g. between residues 198 and 19? of SEQ ID NO: 5, and it 
5 may be combined with a substitution corresponding to L195F, F19ST and D197S in SEQ ID 
NO: 5. 

More pamsmahy. :he modification may compute substitution of amino acids 
corresponding to amino acids 85-95, 280-288 or 260-269 of SEQ ID NO: 5 or 6 with 
TLAGTDN, YGDDPGTANHL or YGDDPGTANHLE, respectively. 
10 The substitution may correspond to V16A, K47K, T117R, P138I, A145F, F146K. 

Y1S2F, G153V/G, Y18SF, T169I, G174S, G181D, F184W, I191T, N194S, R23SD, Q288T, 
T298L D314E, T335A, R3S3H, VV413R, GS56S, Y602L, or V677K of SEQ ID NO: 5 or 6, 

Optional further modifications of the CGTase sequence 

Optionaliy : the CGTase sequence may be further modified by substituting one or 
15 more residues which Is not selected. The substitution may be made with an amino acid 
residue of the same type (in particular with the same residue) as the corresponding residue 
in an alignment with the maitogenic aipha-amylase sequence. 

Depending on whether the matching residue In the maitogenic alpha-amyfase 
sequence is smaller or larger than the residue in the CGTase sequence, the substitution may 
20 be made with a smaller or lamer residue (using the ranking shown above). 

Production of CGTase variants 

A polypeptide having the resulting amino acid sequence may be produced by 
conventional methods, generally involving producing DMA with a sequence encoding the 
,vv^ \ ! v * < - v < > i i < * ' "»thfho 

25 DNA , cultivating the transformed organism at suitable conditions for expressing and 
optionally secreting the polypeptide, and optionally recovering the expressed polypeptide, 
eg <iC cos A- ^ 

DNA encoding any oi the above CGTase variants may be prepared e.g. by point- 
specific mutation of )HA ^coding the i Tase * may bi '< ,-, by 

30 transformation of a suitable host o m wen the DNA, and cultivation of the transformed 
host organism under suitable conditions to express the encoded polypeptide (CGTase 
variant). This may be done by known methods. 
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Properties of CGTese variants 

The CGTase variants of the Invention may form linear oligosaccharides as an initial 
product by starch hydrolysis ana a reduced amount of cyciodextrirs and may be useful for 
antbstaling in baked products The modification of the amino acid sequence according to the 
5 m\ o may result in reduced cyobxsiioc end dispropodicnation activities and an increased 
ratio ot hyoroiysis.cyciiratfon activities measured eg., as d&sehhed oy H. teemhuis, 
Journal of Biotechnology, 103 (2.003), 203-212. 

Optionally, one or more expressed polypeptides may be tested for one or more 
use s i ! - * s ® \ u ability to 

10 hydroiyae starch or a starch derivative may be tested by a conventional method, e.g. s plate 
assay, use of Phadebas tablets or DSC on amylopestln. Further, the initio! product from 
starch hydrolysis rs -I d a poi 

oligosaccharides to cyclodextrins may be selected. The Initial product may have a high ratio 
of maltose or maltose + glucose (G2 or G1-H32) compared to total dextrins 

15 (maltooligosaccharides 81-G7 or 01-07 * cyclodextrins}. This may be measured m 
described in an example. 

Also, ins polypeptide may be tested by adding It to a dough. baking it and tasting the 
firmness of ti f r de \* ntbstailng affect may be 

selected a <k k j c S2S28 

20 The suDsMutr - ; ■ - -o the invention may improve the thermostability of the 

« v hermostabi ty, '0 by DSC (d A a 

scanning catorimetry) at pH 5.6 in 0.1 U Ma acetate, scan rate 90 Km, and a variant with an 
improved thermostability may be seiected. The substitutions may also Increase the yield 
when expressed in a suitable transformed host organism; this may be edxplslned by an 

25 improved stability. 

Optionally, the amino acid sequence may be further modified to improve the 
Hi , - - ( i H s xiik i m v 

Include amino acid substitutions similar to those described in US 8162658 or in H. beemhuls 
eta!., Proteins: Structure, Function and Bioinformatics. 54:128-1 34 (2004). 

30 Optional #$»e recombination 

Optionally, DMA encoding a plurality of the above CGTase variants may be 
prepared and recorrbaned, followed by transformation of a suitable host organism with the 
recombirsed DMA, and cultivation of the transformed host organism under suitable conditions 
to express the encoded polypeptides (CGTase variants}. The gens recombination may be 
35 done by known methods. 
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CGTaee variants 

Particularly, the CGTase may be modified by substitution, insertion or deletion of an 
amino ac*d at a position corresponding to amino acid 85-95 '52 26 269 285 ' v $8 
314 of the amino acid sequence shown in SEQ ID NO: 5 or 6. The modification may 
5 comprise substitution or insertion of an amino add residue with an amino acid residue of a 
A^f! m poster; - me amino acid sequence of Novamyi (SEQ ID NO: 17} or a 

deletion of an amino acid residue in the region which is not present at the corresponding 
position in the Novamyi sequence. 

More particularly, the modification may comprise substitution of amino acids 

10 corresponding to amino acids 85-95, 260-268 or 260-269 of SEQ ID NO: 5 or 6 with 
TLAGTDN, YGDDPGTANHL or YGDDPGTAMHLE, respectively. 

Some particular examples with the , ..^CGT^t (SEQ ID NO: 6) 

as an example are Y152F, F184W, R285D, Q288T, D314E, Corresponding substitutions 
may be made in other CGTases. 

IS Also, one or mere ' ig an amino acs-ri 

substitution, insertion or deletion. In particular, such modification may be made in the regions 
corresponding to amino acids 40-43. 78-86, 138-13% 173-180, 189-195 or 258-268 of SEQ 
ID NO; 17. in particular, the modification may be an insertion of or a substitution with an 
amino acid present at the corresponding position of Novamyi, or a deletion of an amino acid 

£0 not present at the correscc ' / 1 

CGT ase (SEQ 10 NO:. 6} as an example, one or more of the following changes may be mads 
to introduce a loop modeled on Novamyi: 

* A85-S95 of SEQ ID NO: 6 is replaced by T80-N88 of SEQ ID NO: 17, 

* N194-L1S8 of SEQ ID NO: 6 is replaced by N187-L196 of SEQ ID NO; 17, 
28 * Y260-P268 of SEQ ID NO: 8 is replaced by ¥258-1268 of SEQ ID NO: 1?, or 

» Y2S0-N289 of SEQ ID NO: 6 is- replaced by Y258-E289 of SEQ ID NO: 17. 

EXAMPLES 

i sison o? CGTase residues based on 3D structures 
wo 3D struch. > 1 hat I: 1A47 fo see (SEQ ID NO: t 

30 and 1 QHQ for a mattogenic aipha-amylase (Novamyi, SEQ ID NO: 17), wherein the 
substrates are indicated as GTE, QIC, CYL and 6LD for 1a47 and as ABD for 1 qho. The 
two structures were superimposed by minimizing the sum of squares for deviations at the 
three C-aipha atoms at the catalytic mad: D230, £258 and 0329 for 1A47, and D228, £256 
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and D323 for Novamyl, The superimposed structures were analyzed and l.ne result is shewn 
in Fig. 2 with the Novamyl sequence at the top and the CGTase sequence below. 

The following OOTase residues ware found to have a C-alpha atom < 10 A from an 
atom of either substrate; 19, 21 24, 48-47, 75 : 77-78, 82-83, 85-103, 106. 138-145, 152-153, 
5 182-187. 190-191, 193-200, 228-235. 257-267, 270, 282-289, 291-292, 296, 298, 324, 327- 
331, 359, 389-375, Out of these, the following msm found to have a C-alpha atom > 0.8 A 
from the C-aipha atom of any Novamyl residue: 75, 77-78, 87, 89, 9192, 94, 140, 144-145, 
152 182-187,193-19 235 62-266, 285-28 >92 298. 238. 389-370. They are indicated 
by underlining sn fig. 2. 

10 The following CGTase residues were found to have a C-alpha atom < 6 A from an 

atom other than hydrogen (a *im*f atom) of one of the Novamyl residues 190-194: 47, 87- 

89, 95, 102, 140-148, 152, 180-182, 184, 193-200, 231, 234. They are marked by # in Fig. 2. 
Two subsequences (loops' 1 ) of consecutive CGTase residues were identified where 

some residues have the C-alpha atom < 10 A from an atom of either substrate end > 0.8 A 
15 from the C-alpha atom of any Novamyl residue, including prefix and postfix (3 residues 

each), the two subsequences are at residues 85-98 and 193-200 of the CGTase, They are 

indicated oy asterisks in Fig. 2. 

TO construct variants of the CGTase of SEQ ID NO: 8, the corresponding residues 

mm Identified in the alignment in Fig. 1 As a result of the high degree of identity, the 
20 residues have the same numbers In the two sequences. Variants were constructed, each 

having one or mare loops modeled on Novamyl together with one or more substitutions, as 

follows: 

Novamyl T80-N88: 85A* 88V*, 8717, 88P\ D89T, S90L, T91.A, F92G. G93T, G94D 
Novamyl G259-L268: *260aQ, *26QbP> L261D, G282P, T283G, N2S4T, E26M, 
26 V26SN, D267H, P258L 



vi P ■ : ■ 5G, D197S 



Novamyl loops 


Additional substitutions 


88, F188 51 95 


Y1S2F 


T80-N86, F188-S135, G289-L268 


Y1S2F,D314E 


T8...-NB5 -0 1768 


Y1S2F FIS-l/v R285D, Q288T, D314S 




Pv ; n 


17 N 


Y152F, R2S5D, Q288T D314E 


T3Q-N8S, G259-L268 


• V A.- AFTi'- 2A88T, ;.' • F 


; :;;0-M86 0259-1258 


S146K, - R285D, 0288T, D314E 




A145AS143K. n G2S7D. R286D, Q2S5T, D314E 
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vgag3 h r-u^; 




TB0-N85. F188-S 195, G888-L 88 


S14SK, VI 528, F184W, R28SD, Q288T, D314E 


78Q-N86, 8188-8195, G25S--L268 


V~A~ b \ v i^> E3' 


T8G-NS8 


Y1 52F, T207N 


! M86. G250 838 


\,4:~ x * 55 48 


180- 8-8. G, : R5-2266 


S! ioK ^ ■ > : . 




• : : A ' ■ . . ■ : \ ■ 


* 


Y152A F198G, G25/D, R285D, Q288A D314E 




8 8 - " ! 881-^8 


I' 8 . g, G< L88; 


Y1S2R F184N. F1SSG, G25?D, R285D. Q283G D814E 




Y1528. F184N : F198G, R285D, G288T. D314E 


8' N3 559-1288 


1 > ' - M C 


1*»»N- A 


^ / ^G! D3ME 


81 % v - G25&-U268 


$ ^ 85 '45 


" r H ~ 59-1268 


A245F, 81488, Y152F\ R285D, G2888 03AG 


T830~NGG > - 883 L2S8 


Y152F. G '8 ID F1R4VV, R23SD G288T, 5 2G8 


A«G\ G259G258 


Y1 52 F, G181D. F184VV. G257R, R285G G288G D91 48 


I 2f > < 


A145F. Y152F, G1S1D. F184W, R285D, Q28ST. 03148 




S146G Y152F. G181G F184VV. R285D, Q2838, G314S 


T80-N88, G259-L2S8 


A' 8f EG 4? x < G fciO ~ 
R285D 225" " D314E 


= 80-1X88 1 5 -cG >(88-L,\ 


At4SF, Y1g2F 4 G1 81D, -F184W i I 03 14E 






888-888 F 1 88-81 95 : G2S9-L268 


. Q5SST 

D314E 


i89 \iV r :89~L28S 


Y152F, G181D S R285D. Q283T, D314E 


IS R8 5 i 188 SR5 VWM>'» 


AGirF v i52l G< < 83 GE 


' 80 f\ V t- N i 'YG 


N > R'5 G i 8 I 


IM. \5e f ^ * 


A145F, S148R 8182P. G181D. R28SD, G288T. D3145 


834 \80 8 ^ 


Y152F, G181D G257R, E285D, Q288A D314E 


T80-N86, G259-L288 


^ ~ v ^ c2 G o :» 


; T8G-NSS, G2888.288 




T80-N86. G2S94.268 


l U 88 ! , 
D314E 


T80-R86, F 188-81 05, G258-L288 


A A; 58, S146K. Y152F. G181D, F184W, R285D. Q288T, 
0314E, F384S 
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SirrYady, variants of the CG Tase of 8EQ ID NO: 12 were constructed, each having 

modi! eaiio \s to e m Ae t J oops, 

T80-D85: 8SS*,SSV2 871*. N88T, Y89L, S90A, V92T, N93D 
F1 88-81 95: L194F, V19ST, *196aP, *186bA. *19SeG, *196dF s *196eS 
& Y258-L288: "258aY ! *258bG, F259D, L280D, G261P, V2S2G ; N283T, F.2S4A, 

!28oN. S26SK F297L" 



'^nvm A Icon? 


s o a si stations 


T8G-D85, F18S-S195, ¥2584.288 


N173S 


> > 


-5 wA - \ F805L 


1 , !/ A5< ' ^ A\m) ^ 


Q118R. DS39G 


TSO D35, F1 88-8195, Y258-L268 


i k ^ < , ^ u^80<\ 


T80-D8S, F188-S195, Y258A288 


A144F. S145K, RA-AO CTO A<i> 


s 268-1268 


A144F, Si 45 A G180D, R284Q. QA8?A D313E 


'Wj-lls 1 , i ^ i -258-1268 


A144F S145K.GJ80D ■ - - 


^VtO &8-L288 




^ * < 5 2 v 


K4,-x h. on b 


' F< t A — :- 


R47K A144F, S145K. G18QD FA- A Q2&YT. 03138 


T30-D85, F1 88-81 95, Y2SS--L288 


R47K, A144F, S14SK, G18QD, F 2 , 
D313H 


T80-D85: F188-S195, Y2S8A268 


AA>n AM 8 44 


T80-D&5, F188-S196, Y258-L288 


Q118R. P138L A144F, S145K. A152Y, AO T334A, 
R353H 


T80-D8S, F 188-8 195, Y258-L288 


A144F S146K.Y167F T18SI N173S, N193S T297I 
G559S 


T80AAY8 F1S8-S1S5. Y25S-L288 


A144FA8 



Example 2: Starch hydrolysis with CGTase variants 
10 Mine variants prepared in Example 1 were tested to determine the initial product 

j i v 8 J 0 and 2 va cants 

of SEQ ID FA fo con pa ison, 

incubations were carried out using 2% amyiopeetin (potato starch; in 50 mM 
NaOA 5 my CaCIO. Crude i 00 micro s d t the 

18 s ic > ! > C and t ! c 

©twersion wa s TLG (TIC e&ueo* i 

85:20:50:60, visualisation- AO H 2 SO,, followed by heating). At a detectable conversion (4-18 
11 
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h), a sample (100 mkin>U was taken out end inactivated with 1M NaOH (10 microti). The 
sample was diluted (30 miefO-L to 1000 micro-L MMQ water) and filtered through 0.45 pm 

chromatography), 

6 The samples were analyzed on a Dionex DX-500 HPAEC-PAP system (CsrbcPae 

PA-100 column: A buffer: 150 mM NaOH; B buffer: 150 mM NaOH + 0.0 M sodium acetate; 
Flow rate: 1 mi/min. Button conditions: 0-3 min: 95% A + 5% 8; 3-19 min: linear gradient: 
95% A* 5% B to 50% A and 50% 8; 19-21 min: linear gradient 50% A + 50% 8 to 100% B; 
21-23 mm: 100% B). As reference on the Dtonex system a mixture of mateoflgosaceharides 

10 was used {DPI to DPI, 100 micro-M of each) and a-, 0~ and v-CD (100 micro-?*! of each), 
i hose wars used to quantify the amounts ot each oligosaccharide termed. 

The results were expressed as G2/sum, (G1+G2)/sum and CD/sum where G1 is me 
peak area for glucose, G2 is the peak area for maltose. CD is the total of peak areas for 
alpha-, beta- and gamma-cydodexfein, and sum Is the total of peak areas for G>G7 

15 maltodextrlns and moyclociexttins, G2/sum was 0.12-0. 68 for the variants compared to Q of 
0.03 for the parent CGTases. (GHG2)/sum was 0.45-0.79 for the variants compared to 0 
and 0.00 for the parent CGTases. CD/sum was 0.01-0.13 for the variants compared to 0,8? 
and 0.94 for the parent CGTases. 

Example 3; Baking Mats with CGTase variants 
20 Ten variants prepared in Example 1 were purified and tested in baking, Including 7 

variants of SEQ ID NO; 6 and 3 variants of SEQ ID NO: 12. Doughs were made according to 
the straight-dough method with addition of the CGTase valiant at a dosage in the range of 1- 
20 mg/kg. Controls were made without enzyme addition or with addition of one of the two 
parent CGTases. 

;25 The doughs were baked to make panned bread, and the bread was stored for a 

week. Firmness, elasticity and mobility of free water were mea$u;ed for the bread loaves 
after 1, 4 and 7 dap storage. A sensory ranking of molstness was made by a trained test 
panel for oread after 7 days. 

Each of the variants was ranked better than a control without enzyme. The 
30 CGTases had a detrimental effect on elasticity, whereas the variants did not effect the 
sticity net I >rea kle- w-fh CGTase wa nr v I f 
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CLAIMS 

t. A method of producing a variant polypeptide, which method comprises; 

a) providing an amino acid sequence and a three-dimensional model for a 
cyeledext gin c CGTase) and ore > s snee for a 

5 maitegenic alpha-amyiase wherein one or both models includes a substrate, 

o) superimposing the two three-dimensional models, 
c) selecting an amino acid residua in the CGTase which: 

i) has a C-aipha atom located > 0.8 A from the C-aipha atom of any 
amino acid residue in the maitogenic aipha-amylase and is located < 10 A 
1 0 from an atom of a substrate, 

it) has a C-aipha atom located < 6 A from a non-B atom of an amino 
add residue of the mafiogenlc aipha-amyfase corresponding to residua 
190-194 of SEQ ID NO: 17, or 

m) is in a subsequence of the CGTase wherein each residue has a 0- 
IS alpha atom located > 0.8 A from the C-aipha atom of any residue in the 

v sequence and wherein at least one CGTase 
residue has a C-aipha atom located <10 A from a substrate, or is among 
the three amino acids adjacent fa such subsequence in the amino acid 
sequence, 

20 d) modifying the CGTase sequence wherein the modification comprises 

substitution or deletion of the selected residue or by insertion of a residue adjacent 
to the selected residue, and 

e) producing the polypeptide naving the resulting amino acid sequence 

2. The method of claim 1 wherein the substitution or Insertion is made with an amino acid 
so * same type as the amino acid residue at the corresponding position In an 
alignment with the maitogenic alpha-amyiase sequence, wherein the type is positively 

UiOiCfciO, ;:e;.^H:Vtf : y v:::ayt;u. ;1yui <jpt siin,. Oi nyOIOpnODiG. 

3. The method of claim 1 or 2 wherein the modification of the amino acid sequence further 
comprises substitution of at least one amino acid residue ;n the CGTase sequence which is 

3D not selected. 

4. The method of claim 3 wherein the substitution is made with an amino acid residue of the 
same type as the amino acid residue of the maiiogenie alpha-amyiase sequence, wherein 
the type is positively charged, negatively charged, hydrophllic or hydrophobic. 

13 
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5. r ~ vol. of any of cairns 14 vthseh *tir s_ cot v variant 

ept-de setting tt act on starch, and detecting a va 
form linear oligosaccharide as an initial product. 

6. A polypeptide which: 

6 a) has an amino acid sequence having at least 70% identity to SEQ \D HQ: 6; 

b) con-pared to SEQ ID NO 8 comprises ai least one additional amino acid in a 
regnoee - 

c) compared to SEQ ID NO: 8 has a different amino acid or an insertion or deletion 
at a position corresponding to amino acid 18, 47, 85-95, 117, 139, 145. 146, 152, 

10 153, 168; 189, 174, 184, 191, 260-289. 285, 2BB, 298, 314, 335, 413, 556, 602 or 

677, ar;d 

d) has the ability to form linear oligosaccharides as an initial product when acting 
on starch, 

7. A polypeptide which: 

18 a) :: 0 - •, "• D NO 6; 

b) com * M to ?i ^ n > ^ 
region corresponding to amino acids 288-289, 

c) compared to SEQ ID NO; 6 has a different amino acid or an insertion or deletion 
at a position corresponding to amino acid 18, 47, 85-95, 117, 139, 145, 148, 182, 

20 1 53, 188, 189, 174, 181, 184, 191 194, 288, 288, 298, 314, 335, 413, 888, 802. or 

677, and 

d) I as The ah * o w ? > ^ awia, no 

on starch, 

•8, The polypeptide of claim 8 or 7 which compared to SEQ ID NO: 8 comprises 1-7 
25 additional amino acids in a region corresponding to amino acids 194-198, particularly 5 
anno acos or, . v ^ mson of DPAGF, most particularly between amino acids 
corresponding to 198 and 107 of SEQ ID NO; 8. 

9, The polypeptide of any of claims 6-3. which lias a different amino acid from SEQ ID NO: 

v o ling to 1 i dtion r poi to LI 85 ol 

30 SEQ 10 NO: 8, Tat F106 or Sat Q197. 

10. The polypeptide of any of claims 6-9. which comprises an amino acid residue which is 
present >.estioo at ST-Q v 
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in SEQ ID NO: 6 which is not present at the cormspondsng position in the amino acid 
sequence shown in SEQ ID NO: 17. 

11 The polypeptide of any of claims 6-10, which has TLAGTDN at positions corresponding 
to 85-95 of SEQ ID NO; 6, YGDDPGTANHL at 280-268 or YQDDPGTAMHLE at 260-269. 

6 12. The polypeptide of any of claims 6-1 1 which compared to SEQ ID NO: 6 has a 
substitution corresponding to VISA K47K, T1 17R P138L, A145F, F14SK, Y152F, G153V/G, 
V188F, 'T189I, G174S, G181D, F184W, S191T, N194S, R28SD, Q2SST, T293I, D314E> 
T33SA, R353H, W413R, G556S, Y602L S V877K. 

13. A polynucleotide encoding the polypeptide of any of claims 8-12. 

10 14. A process for preparing a baked product which comprises adding the polypeptide of any 
of claims 6-12, or a polypeptide produced by the method of any of claims 1-5 to a dough and 
baking the dough to prepare the baked product. 
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mQ It) NO: 2 ?-n I G ?l tl 

S3Q ID MO; 3 MS F 

SSQ IS NC 

GEO S3 NO: 53 REGIE V SGGGEYGGSV 

esq id .so; s , . or,, 

ssq id u 



; ID SO; 13 . . . O 

; -V V .1 NO : 14 KGOGF' F EE RE I FIG F ERSE . EES . . . GGTGRSRDG TRKGGG'SKDG 

: 10 'BO : 15 , , , > K - - 

: id - * - ^ . ; t\\"rr-r\ . a f-MAr 



SEQ f 

SEQ tG OA 

SSQ ID NO: .V IAEA GEORGE DGREORGIRG FRPSGOESRE EEVE'GGDGQG IADKIDDGEE 

5SQ ' 1 ^ h 5 "C'v< .... , " Is v ' ^ x 

SEQ >J X> " 1\ T-\ 

EFQ TO no- 6 I FQIETDESG DQFPSFKATG IEAAEEFRTSG GK3SGGOGQG : GiA AG.XAS 

SEQ ID DO: 7 I YQV FTDEFG GGDEEYOEFG AA Y DAG C G G G EEGGGGEGQG EISEIEEEYP 

SEQ . EX " ^ 

SSQ 1 i< G 0 " - 

13 o „ 

SEQ ID DC YQIFTDEFS DGEAEDEPYG AX J- I \ ) 

ssq ~ < g: :y j 

SQ ID HOf 1.3 lYQIvTDSES D C CAE 

SEQ ID DO; 14 IYQGGTEEES GGEG0GGG80 A1G8QEG10E HEGGGGGGQE EEGGIGEGEE 

SSQ ID HO; IS GYQIYVFESY DGETSEERSG AFFSXGCTGF FFYOGGFFQG IIFIAFFGEE 

SSQ 1 G... . GYI 

101 130 

SSQ ■ E J • 8 

sfq ? i ; ; - ' " g ■ 

SEQ EG; 3 TGHG 

SSQ IS GO s t \ i \ 



SEEGETGEE1 SQ? EGG I EGG 1GGSGEGG - T RESSYGGAEF EEEERYFGYG 
TGEGXTGIF1 SQFVFEIYSV IGYSGV^E . X AYHGFFGFFF GGTlGGGiOTG: 

YGGGYEAXGI SQEEEGIYS1 IEESGEGG,E REEGYEAEEF KRTDFAYGTT 

FGEAG3F.': 

GDEGlGAXwl S0DGS1GGGGG . . HPS . . OAT SYHOYGAADV KG ED? EYED? 
" - SQGGEGA/ASV REARS . .EGG <5 V H FT 
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SEQ id KO 


1 


BDBFRFIBTA 


BSD , . DIKED 


SEQ ID m 


% 


EDEBSDIETA 


HON, .iXIXTV 


SEQ ID HO 


3 




•HAH. -NIKVV 


SEQ IB NO 




TDESDLIAAA 


HSH . . NT 17 V 


SBQ ID D< 


> 


S 


i'DEQDEIHTA. 


HAH, .AIEVI 


SEQ ID NO 




TBBQNG I ATA 


HAN. .MIKVI 


SEQ ID Hi 






ABBQNDT.TTA 


H&K. .GXKIV 


SBQ ID i« 






TDEQHDVTTA 


HAH- 


SEQ ID DC 






QDFNEAGDTA 


HAH, >MIK?X 


SEQ 2D DO 




10 


QD F KN L I DT A 


HAH. .NIXV.Y 


SEQ ID NO 




XX 


ADFQDL I &A& 


HAH, .BIHOI 


SBC ID 3s?0 




12 


AO E Q.ND I AAA 


_v ; n i 


SEQ 2D DO 




13 


SEVFORHNDTA 


HSN. .GXKVX 


SBQ IB STOs 


14 


DD FDDLMST A 


hss« <axmx 


SEQ ID BO; 


25 


SD EQS DVD Aft. 


HAK., .GXKVt 


SEQ 2D DO : 


IS 


00 $hF.L™ Si. :-\ 


XSrOYNHK?. t V 


SEQ 2D ED 


20 


VSSY SDN'S. . 


. .SBFE-ENGO 


SSQ ID MO 




EOSYSDDS. . 


DBFDYNOO 






3 


OOAYSNOOA^ 


. . GGEGHNGO 


sm 10 i?< 




5 


GGNFFGEFA . 
LOOYTDDTSA 


0VBH1G00 


SBQ ID DO 




DOCJYOND-TN, 


- - GYFHHYGG 


SEQ ID EO 


? 


VGQ T'N'OTN 


. .GYBHHNGG 


SFQ IT) AO; 8 


VOOOTSDTN . 


. . oyFHHNao 


SFQ ID m 




:a I ;v<:- a/:-::; 


. , M-FHH YQQ 


em id mo 








. . H.EFB.B YGG 


SBQ ID NO 










SEQ IP 150 






I s 


fafaayog 










. .NEEHHHGG 


SEQ ID NO 






DONVSSDQQ 


. .NOFNNNGG 


SBQ 10 NO 






LGGYTBIDAN. 


vNYFHHHOO 


SBQ T£J MO 




IS 


I' OA Y EO AY 


JiTGvi Y W.H.SiGG 






251 




SBQ ID &\ 




■t 


YOEDAVKK.NL 


DEOIDOIFID 


SEQ ID NO-. 2 


YBHOAVKNNB 


B0S2BGXRIB 


GKQ ID NO 


3 


OF.OSAIDD-f?L 


GHGVBG IN F'D 


SFQ ID DO 


4 


YOKES IQONO 


FDOVDGIFFD 






















SBQ ID SO 




YB>2 a*, node 


DHGVDGISVD 


SBQ ID Jf<. 






YFNDAI KONG 




SBQ X'D HQ 


.9 






SFQ ID DO; 


ao 


YBIOIAINMNB 


DGGVDGIRVD 


SEQ 10 NO 




ii. 


ODKDAIKHND 


DLG2BG2NKD 


SBQ ID NO; 


12 


YDKD& I I'Oi 50L- 


DHG.IDC.IKMD 


SBQ ID 80 3 




YBKESIKBWL 


DKGIDGIRYD 


SEQ ID NO 




14 


TOKFSJKFND 


DKG2DG2NVD 


SSQ ID .00 : 


IS 


YEHDAVHMOI 


DMO I DQ I BHD 


SBQ ID DO; 


IS 


YOODOSKFWI 


OAGVDAIR ID 
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208 

IDEAPFGFS? ADFONPNVOE OGIDIDDGKY 

EHHYSP ADEDY K .5.1 YDEGF 

IEFAPGNTFP AGEFFGAGFAF FGGKFBFAEAb 

NOF'AFNIVIN? ASSFFPSF'AB FGAEFGDGTE 

PTYA.E AG.; EE 02 

IGFAFNH03P A3ETGPOYGE NGFFYGFGVE 

IGFAFNETGF AGFTDTSSAS NGRDEDN'GTI.. 

IDDAF'DHTS? ASSDQF'SEAB DOFOVDDETO 

GGFFFFFSEF AFFFOF'F IFF NBA YiAIDGVE 
GDFFFNKSSP AFFFGENEvS GO A I EDDC.E.E 
IEEAFAEEEF EESTHFGYYE EGFEYEEGTE 

I:0'faf;gfffa noen a fyadfodgvf 



. TOFSTFFSG IFKNIATE.FG: INQNNNEGDS 
0213 » 

. - e;fg g iyef i n 

.SOFSSFSEB 2FFAAY0FAD FFHGGATIOK 

,SDFi3nr r - , 

O (-Ov x 

. 'FOFS'FTSNG FFFFFF GOAD FFFFFFG2FG3V 
^ ). , , ^ 

' . -^F'G,: N f x " \ ; < ! " s ; 
.FDFS3YFFS FVRNIADFAF FBDNGTFNDQ 
. FFFSSEEFG FYFFAFDEAD E0HQHEY1DE 
SISEEi 

AVEHDEFGGQ "F . \ HFAV F 

AAOOIF F F OF K FAYGOFFF.O KFAV E 

: F .0 F- FGE ;.;G 
AyEAFFQGNQ FSYX^STVA'S ANPV F 

EFFHFPFGFQ NSENSTIN.N FFF'v F 

AVFEFFFGFQ IF FFFAVE . A' F KFV F' 

AVHHFPEGGQ EFF'GAIAFFH U 

- a Dv 

AYEHMEEGGQ KSEHDEID,N YHFV F 

AIia5T;ON0Fi QJFNOOOIYFI . . ~ ' 
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350 


SEQ ID HO 


i 


TFOSWFTGPF 


v G . TsfSBY 


TKFAIEISGRS 


VLBFRFXvQTX 


FDVIGDD.YGX 


SBQ ID BO 


2 


TF G B W F TG F S 


-G .DEDY 


Y s -D ISO'S 




F.HY I GHHHOT 


SSQ ID HO 


3 


i 3BHYDGA 3 


. QTOGDH 


IKPAHESGKS? 


DDODEDAQEV 


RDDTDDDTHI 


SSQ ID HO 


4 


TrOEKFDGPD 


.... £RTGDH 


IRFAHQSGKH 


Li/DPAFAQEI 


RDvFDDKSBT 


SBQ ID MO 




TFOBWFDGDD 


> , , ..rri'Dmsj 


TYFADBSGMS 


LLDFDFSQHV 


FiOYFROHTDT 


SSQ IB HO 


s 


TDGBHYAGXH 


. . . . EVOPHH 


TYFAFBSGHS 


rFFDAO^V 


RQVPKDHTDT 


sag id ho 




DBGDwFOGSA 


ASDADH 


TDFAHDSGHS 




DDVFSODXSN 




8 




, v 




BDOFVJRfJSoAV 




?T r E 




■r?w;.ji?T-cvH 


.... EXSPBY 




OEJ iTAQf A 


c \ ~ i ] 




10 


^V'O^V'C-0-«H 










SBQ ID SO; 








hkf'^^dsg^s 




P^V^FDFXDH 












' - - -- v f 


I ' 


8DQ ID HOs 


14 




... . . .btokp 


HHFAHESGHS 


i.I-DFQrGQT'.i. 


SDVDKDF.XSH 


SBQ ID HO; 


IS 


VAVLAsF <SFN 


, ... 


KYFADBSSMS 


LLDFB.FGQHO 


RCjDDRHIsSDH 


SBQ ID HQ i 


as 


FFGBWFGASA 




IB YAH I'SGS A 


DLDFGFROT'D 


SRVX vOSSGE-i 




35 










400 


SRQ ID HO 




. MYDX ESHIi'T: 


BTWDYBHPQ 


DQYTFDDHSXD 


HSHFTHDSSS 




SEQ ID DO 


2 


v di i" i ' 


DTEDDYDRFQ 


DQVTFBDDKD 


MSHFTD0GF8 


x" [[[[[[[[ 


SSQ XS SO 


3 


\a v \ \\ 


stksqydyxh 


















5 ^ > xv s . 




SBQ ID MO 


5 


, MYODDSM.T.Q 


STASDYSPIST 






1 


SBQ ID DC 




-MYGDOSMIQ 


STASUJYNFiil 


OMVTFIOHHD 




T. . . . . . , , , 


SEC ID HO 


7 


.HXADDSMXH 


STATOYHOVJ? 


OQVT?TOSKD 




. 


SBQ ID HO 


8 


.. mp&mmr 




DQV'TFIDsx'KD 


.f-S'DR FK TS Av'D 


s:, ,:. , . , 


SBQ It) do 


S : 


, MYGI<HSi>>DB 


8SEVBY&QVB 


DQVTFIDDKD 


M3DFHTSDG0 


F: . , 


SBQ ID HO; 


10 




OSSVDYAQVfc 


DQVTF i UKtv 0 


NBFFb'XSHOO 


R. . . ... . , . . 


SBQ IB. HO : 








OQVTFXOHIIO 


^SRFSASHAH 


su 


SBQ: ID MO; 


12 


-MYGDKSMDB 


GSAXDYAQMB 


DQVTF1DKHD 




E. , . .. , 


SBQ ID DO; 


13 


>wmrnmm 










SBQ 10 NOt 


14 




DTDKDYHBVI 




r';-''i ; T^s 




SBQ ID JSQf 


15 


, vfYGFDQMIQ 


DI>.SAV'D^FD 


DQVYF1DKHD 


MDFFHIDGGD 




SBQ ID HQ; 


is 




FSQTVFTSDD 


HQWF^OKBD 




HATTFGPOHH 




401 








450 


SBQ ID DO 


1 




. .BTT3IGIA 


LMLTSRGVHT 


XYYGTBQXHS 


S 


SEQ 20 HO 






. . RTXOXGDA 


I-HDTSROVPT 


IXYOT'SOYIRt 


<?. - . 


S'BQ ID ISO 


3 




.. < &K£EQ&Lh 




IYYOTDQYMT 


6 >»>,,,,. » 


SBQ ID DO 






, .FvPIBQADA 


VXLXSRGVPA 


I'YYGTBQYHT 


















« f "t D \' > 






. . X.FV.BQABA 


FTDTSDGVPA 




& ', , \ \ \ ' * 


SBQ ID DO 






. , BFLBQABA 




IYYGIBQYLT 


g v 








. . ERDFiQADA 














. . FKDFQADA 




Xvv-GSDQYDS 




SSQ I K>. 






. .FvKDBQADA 


FTD'TSF GV PA 


IYYGSBQYMS 




SBQ SO HO: 






. . RKLF.QADA 


DXI:TSROVDft 


lYYGTSQxRiS 


G , 


SDQ ID DO; 


12 




. . FKLBQADA 




Ivv-QTEQYMS 


G, ....... , 








. . FBTDIADA 


"v'OIfXSFG-VPT 


XYYGTEQYDT 


G. 


SQ XV * 






. . RQTDHRLA 




IYYOTE0WT 


G 




IS 




. , DDVDMADA 


VDSISDGVFD 


lYYOX'DQYICT 


G, ....... . 


SBQ ID HO; 




ETGGSQSSAF 


AQKHXDB3LV 


ATHTVHGIFA 


IYYGTEBYAA 


HFXSHSFOQV 



Fig. 1 continued 
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451 




EDO. ID HO 


i 


POPYRGEEGRP 


ESFGSPTDAP 


SEQ ll> SO 


2 


DGDPGSSGMM 


AS FDBEEXYAY 


SEQ IB HO 


3 


T DPT GAR? 


T SEN TGTFAY 


SEQ TD GO 


4 


fQvDPJSHROMM 


I'GED'fHKTAV 


SEQ ID RO- 


5 


HGDFYHSARM 


T£ FETS TTA V 


SSO IS HO 


& 


EGDPYHRAGM 


TSEDTTTTAY 


SEQ IS HO 


t 




PSFPFSTTAF 




s 










5151 




s| C iX 
















EEQ Xp MO* 


12 




GGFSTTTTAY 


SEQ IS HO : 


13 




SDFDRTTNSY 


P-BQ IX' HO s 


14 


QHDPFHRKPS 


FTFDRSTMSY 


SEQ 1 : D EO: 


15 




SSFEKHTSAY 


SEQ- ID HO: 


liS 


OSDRYHREEft 


PCFDTSSSAF 


SEQ I'D HO 








SEQ ID ISO 


2 




YASl?i.TMS8L 




3 




^~ - eppeg 


SEQ IS HO 


4 


YVYEEKFGSS 




SEQ ID HO 


5 


Y1YSSKEGSH 




SEQ IS KO 




YIYF.EQFGEE 


VA.fcVAi.NV- EE 


SBQ IS HO 


7 


YVYEEiOYSKS 


YAWAVKRED 


SEQ ID HO 




VI YBFGiFG'KE 


VAVFAWSKL 


SEQ ID SO 




.U'VERKFGbH 


VAVVAIHREM 


SEQ IS HO: 


3.8 






SEO. IS Hps 




LIVERKFGS.S 


V&FVAVKRfEL 


ESQ ID i?0>> 


12 


LIYSEKF8HH 


VAVIAVEEMV 


SEQ ID SO; 


13 


YIYSRSPGPS 


VVtiTAVH . EG 


SB-Q ID HO: 


.14. 


yipeetfoks 


1YLTAVH . SS 


SEO ID HOr 


15 


PFYESQFGKD 




SEQ ID HO: 


16 


SVERRRSGGE 


IVAVALERGH 




551 




SEQ ID DO 


a 


IVVESRGSVH 


EFQMSFGEVG 


SEQ ID HO 


2 


IWDKKGGVH 


SFQMSEGSYS 






I'TVGSGCmVT 


EFTE&AGGm 


<H ^ V G\ 
















<5R"> TP fvfO 








SEQ ID SO 




X STHG l v 


RFTSAEGATA 






rr.ssooHis 


SFTEAAGAYA 








PFTLAPGOTA 


SEQ ID MO; 


10 


STVGAGGAAS 


HFTSAFGGTA 


SEQ ID MO: 


11 
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SSO 115' MO- 2 5GEGGGS8GG EGBEGSTS. , BGB1EEEGOOG I IGEEEEKEE AGGEOTTVGT 

ESQ . - 

sm IE u 

BEO ID MO: 5 OFEEEGEIGG GGEEGSGEOG . ..IF8GDDT BGEGEGFSVT 

SEQ IE .SO : 6 GGEGEGEEGG GVGBGGGPAG . EIGSGGEE BGBGBGEGBE " ^ ' «- 1 

o \ i". eg 

SEO ID EG: 8 DGRGFGSEGG GGFFQOOEGB GSAITSWSOT QliO/TlPPGG n - w i 



GEO , ^ ' GEO; 

SEQ ID ED: 14 IGOGFQOSOG IGFGDSTSE . . £ FX I DODGE KIDGEFPGGE GOYFOG 

GEO 00 ^10 y , 

GEQ 115 NO- IS ...... ...... 



EG IB EG; 1 EEBGIGEEEE . EEGEGGOOF GGEBIIOEEE EGGGEEIFEG GBOEBEGEE , 

SEQ \' w , -r v ^ v «.\ ^ 

Bm 1~- » 3 P£ E J'J; " . v ' N t"OU\ ooaakbcge 

SEQ G t , ... - ^ t i S >L I 

Q > ( EC ^ ^ ^ t t M 

&m I D "A (. £ S.GSEG DID -3 m J ' T OSTGSJ XfGi < 

SBO i- GO a t Gf,s v. v I 

SEC IE EC 8 \E E OF GEE EG? EEA \\> '^h > 3 T 

ESQ IE * § AAGAASEIFD V--? . t s \ M TGGGQHOEFDG EGGSEGGGO. 

EGO VG v AA< 'A.SGVE! EES' X 0 

SEQ >G * 
SBO t ^ V 

DSQ EE DO ; 14 EGG FFSFGEE. GEEGESOOOG SBBBGFEIEET EEPGGEEEIV GGVBSGGEE . 

GEO IE GO: 15 SSEQESGGyD GFEGEEEGGV 3VEEVEOEEE TGEGQEIE1G GGGGBGEGG. 

- " 3 " - ^ V ^ ^ - ^^OS > -J , 



SEE N ^ fi 

EEC; I N EC •* EV.EGI 



i . ; 1 c o . io v n>, 

E A ,0 N s v ' ' EG IE, 
;i ' ^ o ^ GGt > 
„ ; IF * \ EGKVVG 
DTEGGIGPGB EQGGYBEBEE YIEVBEEEEK T .T E F i'.F X REE E. . .vEGGfG 
BE'EK.GG EFSPTQEEQG SG.GFDGPSDL- BGBOKOGKGG ETIGBTEEGEG 
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1 10 2 0 3D 40 SO SO <?£ 

^ ■> < ^ ^ - QCLFGYTHGSGiGGGGGGGQGriGGlGGGGGG 67 

# 



GGGGrTG'GGYGlJGGGGTGGGG----- - GGYGYGGGGGGGGQ if KG? GGSGGYGK'TGGG'GG: GGDGGG J:FGGG/TYGF 

4P \C- I a 1G7 



VGYGGGF-GGGGSGFGGGGYGGGQGGYGGYYFGGGGGGYFGGFGGIiGG^^ 

APGHTS PGSGFDGi FY FGGYLG'DGGGGLGG FYGGG : - KG FYGY YGGYD -GG S YFDG I YFGI; F GGGG ; 



G E G VS YY GGG G FY Y.l Y; FGGGG V T YG V FGT FYQYG YDLf:JS'MvfJOTGSGYGYKGJ;IGTFIG>;HGGSRFi:SV>: 
VN&TYFANFSG^GLOGDFRF£Q^ Y3 : 



SHGAYGGQGGGFIGTGGGGFGG YFGYGGGGAGGNGFYGYGGGPGFGGYGYGGYYYYTGYG 

~~ F ^ " i . \i -J \> 406 



GGSFTGAGGGVGVGGYYF' - YGGGPQIGSGGFGGGIFGGiGGTIGGKGYGTG^GGTGGG'GGVTGGGGGGTSfJH 
VTYFYGSAGYVYYGGGGSFSGGGPIFGGGYGGYYYKYGG 54 5 

VGYKYPSGYYGYYGISLKTSSGGYSGGFGGIGIGGGFGYYYRGY YGGYG 614 

CUT G/FGAQGF > R GGFP3GYGGG YFGFPIFYGGYGY - IQ> GP 3ATGG 

- 'm sill k . - ' , - 67 6 



Figure 2 
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10 340 -WO. ST2S.txt 

<110> Movozymss A/S 
<12Q> CGTASE VARIANTS 
<B0> 103 40- WO 
<160> 17 

<170> Patentln version 3.2 

<2i0> 1 

«21i> 713 

<2U> ?RT 

<213> Baci ! 1 us aqaradnerens 

<400> 1 

we;: ser iys i.ys Thr i.eu Lys Arq. Leu Leu Ala Leu val val Val Leu 
1 § ■ 10 IS 

Phe He Leu ser sly Ser Gly lie Leu Asp Phe ser lie Thr ser Ala 
20 " 25 30 

Asn Ala Gin Gin Ala Thr Asp Arq Ser Asn Ser val Asn Tyr Ser Thr 
35 40 4S 

asd Gly lie Tyr sin He val Thr Asp Arg Ffce Tyr Asp sly Asp Gflu 
50 55 " 60 

Ser Asn Asn f>ro ser Gly Glu Leu Tyr ser Glu Gly cys Lys Asn Leu 
65 70' 75 ' SO 

Arq tys Tyr Cys Gly Gly Asp Trp Gin Gly He lie Asp Lys lis Asp 

' : ' p 90 95 

Asp Glv Tvr Leu Thr Asn Met Gly val Thr Ala Leu Trp He Ser Pro 
* " 100 ' 105 110 

pro val Glu Asn He Phe Glu Thr lie Aso Asp Glu Ser Gly Thr Thr 
IIS 120 125 ' 

Ser Tyr His Gly Tyr trp Ala Arg Asp Tyr tys Lys Thr Asn Pro Phe 
130 135 140 

Phe Gly ser Thr Glu asd Phe Glu Ares Lau lie Glu Thr Ala His Ser 
14 S " 1S5 155 160 

His A so lis Lys lie val lie ass Lsu Ala Pro Asn His Thr Ser pro 
' 165 ' 170 175 

Ala asd Phe ass> Asn Pro Asn Tyr Ala Glu Asn Gly lie Leu Tyr Asp 
180 " 185 190 

Asn Gly Asn Tyr val ser Ser Tyr Ser A&p: Asn Ser Asp Leu Phe Leu 
Page 1 



Tyr Asn Glv Glv Thr Asp phe Ser Thr Tyr Glu Asp Glu lie Tyr Arq 
210 ' 21S 220 

as r Leu Phe Asp Lea Ala Ser Phe Asn His lie Asn Ala Glu Leu Asn 
225 230 23S 240 

Asn Tyr Leu Glu Asp Ala Val lvs i.ys Trp Leu Asp Leu Glv lie ass 
245 ' 250 255 

Glv Tie Arc- lie Asa Ala val Ala His Met Lro are civ rro Gin Lvs 
" 260 265 270 

Ala Tvr Met Asp Thr lie Tyr Aso His Arg Ala. Val Phe Thr Phe Glv 
"275 " 280 285 

Glu Trp ahe Thr Glv Pro Tyr G'iy Asn Glu Asp Tyr Thr Lys Phe Ala 
290 29.5 300 

Asa Asn ser Glv Met Ser Val Leu Asp Phe Arq Phe Ala Gin Thr Thr 
305 ' 310 315 320 

Arg Asn Val lie Glv Asn Asn Asn Gly Thr itfst Tvr Asa lie Glu Lys 
32 S " 330 * 335 

Met seu Thr Asp Thr Glu Asn Asp Tyr Asn Arq Pra Gin Asp Gin val 
345 345 - 350 

Thr* Phe Leu Asp aso His Asp Met Ser Arq phe Thr Asn Asp Glv Glu 
355 360 36S 

Ser Thr Arq ahr Thr asd lie Gly Leu Ala Leu Met. Leu Thr Ser Arq 
370 ' 375 380 

Gly Val Pre Thr lie Tyr Tyr Gly Thr Glu Gin Tyr Met Glu Gly Asp 
385 390 395 ' 400 

Gly Asa Pro Gly Ser Arq Gly Met Met Glu Ser Phe Gly Glu Asn Thr 
405 410 415 

Asp Ala Tyr tys tea lie Gin Lys Leu Ala Pro Leu Arq Lvs ser Asn 
420 425 " 430 

Pro Ala Tyr Gly' Tyr Gly Thr Thr lvs Glu are Tro lie asn Asp Asp 
435 440 445 

val lie lis Tyr Glu Arq Asn Phs Gly Asp Asn Tyr Ala Leu lie Ala 
450 455 460 

lie Asa Arg Asn Lay Asn Thr Ser Tyr Asn lie Gin Gly Leu Glr> Thr 
fags 2 



Glu n Ser Tyr Asp Asp va \s \ 

485 ■ 490 ' 49S 

Gly Gin ser He val val Aso Asn Asn Gly Glu Val ash Glu Phe Gin 
500 505 510 

Met ser pro Glv Glu val Gly Val Irs Glu Phe Glu Ala Thr Asn val 
515 " " 520 525 

Asp Lys Pro ser He Gly Gin val Gly Pro lis lie Glv Glu Ala Glv 
530 " S35 540 ' 

Arg Thr val Thr He Ser Gly Glu Gly Phe Gly ser ser Pro Glv Thr 
S4S SS0 '555 ' 560 

val Gin phe Gly ser Thr ser Ala Glu He val Ser Trp Asn Asp Thr 
' 365 570 575 

val He He He Thr val pro Asn Asn <s1a Ala Glv Tvr His Asp He 
580 585 ' S90 

Thr Val val Thr Glu Asp Glu Gin val ser Asn Ala Tyr Glu Phe Glu 
595 600 605 

val Leu Thr Ala Asp Gin val Thr val Arg phe Xla He Asp Asn Ala 
610 615 $W 

Glu Thr Lvs mt Gly Glu Asn lie Phe Leu Val Gly Asn Val His Glu 
825 630 635 " 640 

leu Glv Asn Trp Asp Pro Glu Gin Ser val Gly Ar 

645 650 ' 655 

val Val Tyr Glu Tyr Pro Thr Trp Tyr Tyr Asp Val Asn Val Pro Ala 
660 665 670 

Asn Thr Asp Leu Glu Phe Lys Phe. He Lvs He Asn Gin Asp Asn Asn 
6? 5 680 ' 685 

Val Thr Trp Glu ser Gly Ala Asn His Thr Tyr ser ser pro Glu ser 
690 ' 605 700 

Glv Thr Gly He He Arc Val asp Trp 
70S * 710 



•<21Q> 2 
•HIT- PPT 

<?.!!> Bacillus aqaradherens 
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10.340-WO.ST2 5 . txt 

<400> 2 

Met Arq Lvs lvs Thr Leu Lys Arq i.eu Leu fhr Leu val val Glv Leu 
I S 10 15' 

Val lie Leu Ser g'Sv Leu Ser Tie Leu Asp Phe Ser lie Thr Ser Ala 
20 2S 30 

Ser Ala Gin Gin Ala Thr Asp Arq Ser Asn ser val Asn Tyr ser Thr 
35 40 45 

Asp Val lie Tvr Gin He val Thr Asp Arcs Phe Tyr asp Gly Asp Glu 
SO 55 60 

Ser Asn Asn Pro ser sly Glu Leu Tyr Ser Glu asp Cys tys ASP Leu 
65 70 75 ' 80 

Arq Lys Tyr Cys Gly Gly Asp Trp Gin |ly He lie Asp tys lie Asp 

asd Glv Tyr Leu rhr Asn mx Glv Val Thr Ala Leu Trp He ser Pro 
* ' 100 ' 105 110 

Pro val Glu Asn lie Phe Glu Thr He Asp Asp Glu Phe Gly Thr Thr 
115 120 125 

Ser Tyr His Gly Tyr Trp Ala Arg Asp Tyr Lys Lys Thr Asn Pro Phe 

130 m ' UQ 

Phe ulv ser rhr Glu Asp Phe Glu Arg leu Tie Glu Thr Ala His ser 

145 • m m i6o 

His Asp lie lvs lie val lis Asp Leu Ala Pro Asn His Thr ser Pro 
" 105 170 175 

Ala Asp Phe Asp Asn Pro Asp Tyr Ala Glu ash Gly val i.eu Tyr Asp 
180 ' 185 190 

Asp Glv Asm Tyr Leu Gly Ser Tyr Ser Asp Asp Ser Asp Leu Phe Leu 
' IPS " " 200 205 

Tyr Asn Glv Gly Thr Asp Phe Ser Asn Tyr Glu Asp Glu He 'Tyr Arcs 
* 210 215 220 

Asn reu Phe Aso Leu Ala Ser phe Asn His He Asn Ser Glu Leu Asn 
225 230 23.5 240 

Asn Tyr reu Glu Asn Ala val Lvs Lvs Trp Leu Asp Leu Gly He Asp 
245 ' 250 255 

Glv lis Arc] He Asp Ala val Ala His Met Pro Pro Gly Trp Lys Lys 
' 2,60 IBS ' 270 " 

page 4 



WO ■2005/003337 ' L/BK2SU4 fUSfi 

Ala Tyr mt asp Thr He Tyr asp His Arg Ala Val »he Thr Phe Gly 
275 280 285 

Glu Trp Phe rhr Gly pro ser Gly Asn Glu Asp Tyr Thr tys phe Ala 

Asn ash ser Gly Met ser val Leu Asp Phe Are; Phe Ala Gin Thr Thr 
305 310 315 320 

Arg ash val He Gly Asn asp asp Gly Thr Met Tyr Asp lie Glu tvs 
325 330 335 

Met Leu Thr Asp Thr Glu Asn Asp Tyr Asp Arq Pro Gin Asa Gin Val 
340 345 350 

rhr Phe Leu Asp Asn His Asp Met Ser Arq Phe Thr Asn Gly Glv Glu 
355 360 365 ' 

Ser Thr Arq Thr Thr Asp lie Gly Leu Ala Leu Met. Leu rhr Ser Arq 
370 375 360 

Gly val Pro rhr He Tyr Tyr Gly Thr Glu Gin Tvr Met tys Gly Asp 
385 390 ' ' 305 400 

Glv Asp pro Glv Ser Are Glv Met Met Ala Ser phe Asp Glu Asn Thr 
405 ' 410 415 

Asp Ala Tyr tys Leu lie Gin Lys Leu Ala Pro Leu Are tys Ser asp 
420 425 430 

Pro Ala Tyr Gly Tyr Gly Thr Thr Thr Glu Arq Trp Tie Asn Asp Asp 
435 440 445 

Val Leu He Tyr Glu Arg His Phe Glv Glu Asn Tvr Ala Leu He Ala 
4S0 455 460 

He asp Arc? Ser Leu Asn Thr ser Tyr Asn He Gin Glv Leu Gin Thr 
465 ~ 470 475 ' 480 

Glu Met Pro Ser Asn Ser Tyr Asp Asp val ten Asp Gly tea teu Asn 
485 490 435 

Gly sin Ser He val val Asp Asn tys Glv sly val Asn Glu Phe Gin 
500 SOS * 5X0 

Met ser Pro Glv Glu val Ser val trp Glu Phe Glu Ala Glu Asn val 
515 ' S20 S2S 

Asp lys Pro ser He Gly Gin val Gly Pro lie He Gly Glu Ala Gly 
510 ' 535 540 
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' ;7PK2SP4 fU«5i 

10340-WO.ST25.txu 

Arc; Thr val Thr He sen sly G'iu Gly Phe Gly Sen ser Gin 61 y Thr 
545 550 ■ 555 560 

Val His ?he Glv ser Thr ser A'U Glu He Leu ser Trp Asn Asp Thr 
" 565 570 575 

lie He Thr Leu Thr val Pro asp Asn Glu Ala Gly ryr His As;? He 
580 585 590 

Thr val val Thr Glu Asp Glu Gin val ser Asn Ala Tyr Glu Phe <slu 
SOS 600 605 

val Leu Thr Ala Asp Gin val Thr val Arq Phe lie lie Asp Asn Ala 
610 615 " 020 

Glu Thr Lys Leu Gly Glu Asn val Phe Leu Val Gly Asn Val His Glu 
625 630 035 640 

t.eu Gly Asn Trp Asp Pro Glu Gin Ser Val Gly Arq phe Phe Asa Gin 
645 650 655 

lie val Tyr Gin Tvr Pro Thr Trp Tvr Tvr Asp val asn val arc Ala 
' 600 ' 665 " 670 

a sri Thr AS53 leu Glu phe lvs Phe lie lvs lie Asp Gin Asp Asn Asn 
67'5 680 685 

Val He Trs Gin Ser Glv Ala Asa Gin Thr Tvr Ser Ser pro Glu Ser 
690 ' 695 " 700 

Gly Thr Glv lie lie Aru val Asp Trp 
705 710 

HX0> 3 
<111> 714 
-H12> PRT 

-T213> pani bacillus macerans 

Met Lvs ser a;-q Tyr Lys Arq Leu Thr Ser Leu Ala Leu Ssr Leu Sen 
% '5 10 15 

Met Ala Leu Gly He Ser Leu Pro Ala Trp Ala ser Pro ass Thr Ser 
20' 25 30 



r Gin He val 



val asp Asn Lys val Asn ahe ser Thr asp val lie Tys 
35 40 45 

Thr Asp Arq aha Ala Asp Gly Asp Arq Thr Asn asn Pro Ala Glv asp 
SO 55 SO 
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Ala 1 Sa? n ~~ ASP 

65 " 70" " 75 ' 80 

rrp Gin Gly He lis Asp tys He Asn Asp Gly Tvr t.eu Thr Gly Met 
85 ' 90 95' 

Glv val Thr Ala Leu rrp He Ser Gin Pre val Glu Asn He Thr ser 
150 IDS 110 

Val lie Lys Tyr Ser Gly Val Asn Asn Thr Ser Tyr His Glv Tvr Trp 
US ' ' 120 125 ' ' 

Ala Arq aso Phe Lvs Gin Thr Asn Asp Ala ehe Gly Asn Phe Ala Asp 
130 ' 135 140 

phe Gin Asn Leu He Asp Thr Ala His Ala His Asn He lys val val 
145 150 155 160 

lie ass Phe Ala pro Asn His Thr Ser Pro Ala Asp Arq Asp Asn Pro 
165 170 ' 175 

Gly Phe Ala Glu Asn Gly Gly Met Tyr Asp Asn Gly ser Leu Leu Gly 
180 185 130 

Ala Tyr Ser Asn Asp Thr Ala Gly Leu Phe His His Asn Gly Gly Thr 
195 205 205 ' 

Asa Phe Ser Thr lie Glu Am Gly lie Tyr tys ash Leu Tyr Asa Leu 
' 210 215 * * 220 

Ala Asp lie ash His Asn Asn Asn Ala Mat ASP Ala Tyr Phe lys Ser 
225 ' 230 235 240 

Ala lie asp Leu Tra Leu Gly Met Gly Val Asp Gly lie Are Phe Asp 
245 250 255 

Ala val tys His Mat Pro Phe Gly Trp Gin Lys ser phe val ser ser 
260 265 270 

Tie Tyr filv Glv Asa His Pro val Phe Thr phe Gly gIu Trp Tyr teu 
" 275 " * 280 285 

Gly Ala Asp Gin Thr Asp Glv Asa Asa lie Lys Phe Ala Asn Glu Ser 
' 290 295 ' 300 

Gly Met Asn Leu Lea Asp Phe Glu Tvr Ala Gin Glu val Are Glu Val 
105 310 ■ 315 320 

Phe Arq Asp Lys Thr Glu Thr mt Lys Asp Leu Tyr Glu Val Leu Ala 
325 330 335 



' GBK20e4 fU«5i 

10340- -WO. ST25.txt 

Ser Thr Glu Ser Gin Tvr Asa Tyr lie Asn Asn Met Val Thr phe lie 
340 " " MS 350 

Asp ash His Asp Met Ass Arq Phe Gin Val Ala sly Ser Gly Thr Arq 
353 " 360 ' 365 " 

Ala Thr Glu Gin Ala Lay Ala Leu Thr Lay Thr ser Arc Gly Val Pro 
370 375 380 

Ala lie Tvr Tyr « < > * . t PC 

38S * ' 390 ' 395 " " 400 

Asn ash Arq Ala Get Get Thr Ser Phe Asn Thr Gly Thr Thr Ala Tyr 
405 410 41S 

Lys Val lie Gin Ala Leu Ala Pro Leu Arq Lys Ser Ass Pro Ala lie 
420 425 ' ' 430 

Ala Tyr Gly Thr Thr Thr Glu Arq Trp Val Asn Asn Asp val Leu lie 
435 440 44 S 

He Glu Arq Lys phe Glv Ser Ser Ala Ala Leu Val Ala lie Asn Arq 
4S0 ' 433 460 

Asn ser ser Ala Ala Tyr Pro He Ser Gly Leu Lew ser Ser Leu Pro 
46S 470 473 480 

Ala Gly Thr Tyr ser Asp Val sau Asn Gly Leu Leu ash Gly ash Ser 
483 490 ' 495 

lie Thr val Gly ser Gly Gsy Ala val Thr Asn Phe Thr Leu Ala Ala 
500 505 S10 

Gly Gly Thr Ala val Tro Gin Tyr Thr Ala pro <5lu Thr Ser pro Ala 
SIS 520 S2S 

He. Gly Asa val Gly pro Thr Met Gly Gin Pro Glv Asn lie Val Thr 
530 535 540 

He Asa Glv Aro Glv Phe Gly Glv Thr Ala Gly Thr val Tyr she Gly 
545 ' " ' 550 555 560 

Thr Thr Ala val Thr Gly ser Gly ale val ser Trp Glu Asp Thr Gin 
565 570 575 

He Ala *.al i e ^r<s g * < < Lns> val se 

589 ' 5S5 390 

val Lvs Thr ser ser Gly Thr Ala ser Asn Thr Phe Lys ser aha Asn 
595 800 603 



10340- -WO, ST2S.txt 

Val Leu Thr sly Aso Gin val Thr val Arq Phe Leu Val Asn Gin Ala 
610 * 815 ~ 620 

ash Thr Asn Tyr Gly Thr Asn val Tyr Leu val 61 y Asn Ala Ala Glu 
625 " ' 630 635 ' 640 

Leu Glv ser Tr» aso Pro ash Lvs Ala lie Glv Pro Met. Tyr Asn Gin 
643 6S0 ' 655 

Val He Ala Lvs Tvr Pro ser rro Tvr Tvr asp val Ser val Pro Ala 
660 665 " 670 

Sly Thr lvs Leu Aso Phe lys Phe Tie t.ys lvs Gly Gly Gly Thr val 
675 680 685 

Thr Trp Glu Gly Gly Gly Asn His Thr Tyr Thr Thr Pro Ala Ser Gly 
690 695 700 

val Gly Thr val Thr Val Asp Trp Gin Asn 
70S 710 

<210> 4 

<21l> 713 

A:- PRT 

<213> Pani bacillus nr&cerms 

<4CG> 4 

Met Lys lys Sin val Lys Trp Leu Thr Ser Val ser Met Ser val Gly 
1 5 10 15 

He Ala Leu Gly Ala Ala Leu Pro Val Top Ala ser Pro Asp Thr Ser 
20 25 30 

val asp Asn lvs Leu Asn Phe Ser Thr Asp Thr val Tyr Sin He Val 
35 " 40 45 

Thr Asp Are Phe val Asp Gly Asn ser Ala Asn Asn Pro Thr Gly Ala 
SO " 55 60 

Ala Phe ser ser Asp His ser Asn Leu Lys Leu Tyr Phe Gly Gly Asp 
65 70 " 75 80 

Tro Gin Glv He Thr Asn lvs lie Asn ass Glv Tvr Leu Thr Glv Met 
85 90 95 

Gly lie Thr Ala reu Tro lie Ser Gin Pro val Glu Asn He Thr Ala 
100 105 110 

val lie Asn Tyr Ser Gly Val Asn Asn Thr Ala Tyr His Gly Tyr Trp 
115 ' 320 125 
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Pro Are? Asp Phe Lys Lvs Thr asp Ala Ala Phe civ Ser phe Thr Asp 
130 135 140 

Phe ser ash Leu lie Ala Ala Ala His ser His ash lie lvs val val 
2.45 ISO 155 160 

Met Asp phe Ala Pro Asn His Thr ash Pro Ala ser ser Thr Asp Pro 
165 170 175 

Ser Phe Ala Glu Asp sly Ala Leu Tyr asp ash Glv Thr Leu Leu Gly 
1B0 185 190 

Lys Tyr ser asp Asp Thr Ala Sly Leu Phe His His Asn Gly Gly Thr 
19$ 200 205 

asp Phe ser rhr Thr Glu Ser Gly lie Tvr Lys asp Leu ryr asp Leu 
210 215 ' 220 

Ala Asp He asp Glr asp asp ash Thr He Asp Ser Tyr Leu Lys Gly 
225 230 235 2.40 

Ser He Gin tea trp Leu Asn Leu Gly Val Asp Gly He Arc? Phe asp 
245 250 255 

Ala val Lys His Met Pro Gin Gly Trp sin Lys ser Tyr val ser ser 
260 263 ' 270 

lie Tvr ser Ser Ala. Asn Pro Val Phe Thr Phe Sly Glu Trp Phe Leu 
27S 280 285 

Gly Pro Asts Glu Met Thr m] n Asp Asn lie Asn Phe Ala Asn Glr? Ser 
290 295 300 

Gly mx His Leu Leu Asp Phe Ala Phe Ala Gin Glu lie Are Glu val 
305 310 315 ' 320 

Phe Arq Ass Lvs Ser Glu Thr Met Thr Asp Leu Asn Ser val tie Ser 
325 330 335 

Ser Thr Glv Ser ser Tvr ash Tvr He Asn Asn Met val rhr The lie 
340 345 350 

Asp ash His Asp Met Asp Arc* Phe Gin Gin Ala Gly Ala Ser Thr Arq 
355 360 365 

Pro Thr Glu Gin Ala Leu Ala Val Thr Leu Thr ser Arq Glv Val Pro 
370 375 380 

Ala lie Tvr Tvr Glv Thr Slu Gin Tyr Met Thr Glv Asn Glv Asp Pro 
385 ' 390 395 400 
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Asn Asn Arg Gly 




Lys Val lie Lys Ala Leu Ala pro Leu Arg Lys Ser Asn Pro Ala Leu 



Tyr Glu Arq Lys Phe -sly ser Asn Val Ala Leu Val Ala Val Asn Arq 
450 453 460 



Ser Ser Thr Thr Ala Tyr Pro lie Ser Gly Ala Leu Thr Ala Leu Pro 
465 470 475 480 



Asn Gly Thr Tyr Thr Asp val Leu Gly Gly Leu Leu Asn Gly Asn Ser 
485 490 495 



He Thr val Asn Gly Gly Thr val Ser Asn Phe Thr Leu Ala Ala Gly 
500 SOS 510 



Gly 'Thr Ala val rrp Gin Tyr Thr Thr Thr Gly ser ser Pro He He 
515 520 525 



Gly Asrs val Gly Pro Thr M«t Gly Lys Pro Gly Asn Thr He Thr He 
530 535 540 



asp Gly Arg Gly Phe Gly Thr Thr Lys Asn Lys Val Thr rhe Gly Thr 
S4S 550 555 " 560 



Thr Ala val Thr Gly Ala Asn lie val Ser Tro Glu Aso Thr Glu He 
56S 570 575 



Lys val Lys val Pro Asn Val Ala Ala Gly Asrs Thr Ala Val Thr val 
580 585 ' 590 



Thr Asn Ala Ala Gly Thr Thr Ser Ala Ala Pre Asn Asn Phe Asn Val 
595 600 605 



Leu Thr Ala Asp Gin Val Thr val Arq Phe Lys Val Asn Asn Ala Thr 
610 615 ' 620 



Thr Ala Leu Glv Gin Asn val Tvr Leu Thr Glv Asn val Ala Glu Leu 
625 630 ' 635 640 



Gly Asn rro Thr Ala Ala Asn Ala lie Gly Pro Met Tyr Asa Gin val 
645 650 655 



Glu Ala Ser Tyr Pro Thr rrp Tyr Phe Asp Val Ser Val Pro Ala ash 



Ala Tyr Glv Ser 
411 



Thr- 



" hi 



rrp val Asrs ser Asp val Tyr Val 
445 



uage 11 
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Thr >« ( 's Phe He ip V; « t \\ ?e ? Val Thr 

675 680 685 

Trp slu Glv Glv Asn Asn His Thr Phe Thr Ser Pro Ser ser Glv Val 
690 " " 695 700 

Ala Thr Val Thr Val Ass Trp Gin Asn 
70S 710 

<210> S 
<211> 683 
<212> PRT 

<213> ' N i >acteri i ' >su'?fu gens s 
<400>- S 

Ala. Ser Asp Thr Ala val Ser asp val val ash Tyr Ser Thr Asp val 



i U U I . " 1 " ^ ASH 

20 25 30 

Asn pro Thr Glv Asp Leu Tvr Asp pro Thr His Thr ser Leu tys Lys 
35 40 45 

Tyr Phe Glv Glv Asu Tru Gin Gly Us Us Asn Lvs He Asn Asp Gly 
50 S3 611 

Tyr Leu Thr Gly Mat Gly Val Thr At* lie Tfp He Ser Gin Pro val 
65 70 75 80 

Glu Asn lie Tyr Ala val Leu Pro Asp ser Thr Phe Glv Glv Ser Thr 
E5 90 " " 05 

Ser Tyr His Gly Tyr Trp Ala Are, asp Phe Lys Arq Thr ash Pro Tyr 

100 ' ' 10'S ' 1X0 

Phe Gly ser Phe Thr asp phe Gin Asn Leu He Asn Thr Ala His Ala 
IIS 120 125 

His Asn He lvs val Tie Tie asp Phe Ala Pro asp pis Thr ser pro 

130 m ' 140 

Ala ser He Thr Asp Pro Thr Tyr Ala Glu Asn Gly Arq Leu Tyr Asp 
145 ISO 155 % 160 

Asn Glv Thr i.eu Leu Glv Glv Tvr Thr Asn asp Thr ash Gly Tyr Phe 
165 " " ' 170 175 

His His Tvr Glv Glv Thr Asp Phe Ser ser Tvr Glu asd Gly lie Tyr 

' 180 " 18 S " 190 

Arg Asn Leu Phe Asp Leu Ala Asp Leu Asn Gin Gin mn ser Thr lis 
Page 12 
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im 200 ms 

Asp ser Tyr Leu Lys Ser Ala He lys Val Trp Leu Asp Met Gly lie 
210 215 220 

Asp Gly He Are leu Asp Ala val iys His Met Pro Phe Gly irp Gin 
225 230 23$ 240 

Lys Asn Phe Met Asp ser He Leu Ser Tvr Arq Pro Val phe Thr Phe 
245 250 255 

Gly Glu Trp f>he Ley Gly Thr Asn G'iu Ha Asp val Asn Asa Thr Tyr 
260 265 2?0 

Phe Ala Asn Glu Ser Glv Met Ser Lau Leu Asp Phe Are Phe Ser Gin 
275 280 285' 



Asp ser Met lie Gin Ser Thr Ala Ser Asp Tvr Asn Phe He Asn Asp 
305 310 315 320 

Met val Thr Phe He Asp Asn His Asp Met Asp Arg fk® Tyr Asn Glv 
325 330 3.35 * 

Gly ser Thr Are Pro val Glu Gin Ala Leu Ala Phe Thr Leu rhr ser 
340 345 350 

Arg Gly val Pro Ala lie Tyr Tyr Gly Thr Glu Gin Tvr Me* Thr Gly 

Asn Gly Asp Pro Tyr Asn Arq Ala Mat Met Thr Ser Phe Asn Thr Ser 
370 375 380 

Thr Thr Ala Tyr Asn val He Lys Lys Leu Ala Pro Leu Are Lvs Ser 
385 390 ' 395 - * 400 

A$n pro Ala lie Ala Tyr Gly Thr Thr Gin Gin Arg rro He Asn Asn 
405 410 ' m 

asp val Tyr He Tyr Glu Arq Lys Phe Gly Asn Asn val Ala Leu Val 
420 425 430 

Ala lie Asn Arg Asn Lau ser Thr $er Tyr Asn He Thr Glv Leu Tvr 
435 440 ' 445 ' 

The Ala Leu Pro Ala Gly Thr Tyr rhr Ass val Leu Glv Glv Leu Leu 
450 455 ' 460 

Asn Gly Asn ser He Ser Val Ala ssr Asp Gly ser yal Thr Pro Phe 
Page 23 



Thr G , G s - s v « 1 

485 490 495 

Asn Ser pro l.eu He Gly His Val Gly Pro Thr Met. Thr Lvs Ala Civ 
S00 505 510 

Gin Thr He Thr lie asd Gly Arq Gly phe Glv Thr Thr Ser Glv Gin 
515 520 525 

val Leu ?-he Glv ser Thr Ala Glv Thr He Val Ser Trp Asp Asp Thr 
530 S3S ' 540 

Glu val tvs val tys Val pro Ser Val Thr Pre Gly Lvs Tyr Asn lie 
545 " 550 555 ' 560 

Ser Leu Lys Thr Ser Ser Gly Ala Thr ser Asn Thr Tyr Asn Asn Tie 
565 570 S?S 

Asn lie Leu Thr Gly asp Gin He cys val Are Phe val val Asn aso 
580 5S5 590 

Ala ser Thr Val Tyr Gly Glu Asn Val Tyr Leu Thr Gly Asn Val Ala 
595 ' ' 600 ' 605 

Glu Leu Glv Asn Trp Asp Thr Ser lys Ala He Gly pro Met Phe asp 
610 ' 615 620: 

Gin val Val Tyr Gin Tyr Pro Thr Trp Tyr Tyr Asp val ser val pro 
625 610 " 635 640 

Ala Gly Thr Thr He Gin Phe Lys Phe lie Lys Lys Asn Gly Asn Thr 
645 " 650 ' ' 655 

lie Thr Trp Glu Gly Gly Ser Asn His Thr Tyr Thr val pro Ser ser 
660 ' " 665 670 

ser Thr Gly Thr val He Val Asn Trp Gin Gin 
675 6S0 

<210> 6 
<m> 683 
<212> PRT 
AT Theni'Oanaerobacter sp, 

<4G0> 6 

Ala Pro aso Thr Ser Val Ser Asn Val val Asn Tyr ser Thr Asp val 
1 5 10 IS 

Tie Tyr Gin Tie val Thr Asp Arq phe Leu Asp Gly Asn Pro Ser Asn 
20 25 30 
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Asn Pro rhr Gly Asp teu Tyr aso Pro Thr His Thr ser Leo Lys Lys 
35 40 45 



Tvr Phe Gly dy Asp Trp Gin Gly lie He Asn Lys lie Asn Asp Gly 
50 55 60 



Tvr Leu Thr Glv Met Gly I.;;?. Thr Ala lie Tro He Sar Gin Pro val 
65 ' 70 75 80 



Glu Asn He Tvr Ala Val Leu Pro ass Sar Thr phe Gly Gly ser Thr 
* 85 SO 95 



Ser Tyr His Gly Tvr Tro Ala Arq Asp Phe Lvs tys Thr Asn Pro Phe 
100 " 105 XIO 



Phe Glv ser Phe Thr Asp Phe Gin Asn Lee lie Ala rhr Ala His Ala 
' 115 120 125 



His ase He Lvs Val lie He Asp ehe Ale Pre Asn His Thr Sar Pro 
130 ' 13 S 140 



A'ls $ e r g'Iu Thr Ase Pro Thr Tyr Gly Glu Asn Gly Arq Leu Tyr Asp 
145 120 155 160 



Asn Glv val Leu Leu Gly Gly Tyr Thr Aso Asp Thr Asn Gly Tyr Phe 
HIS ' 170 175 



His His Tvr Gly Gly Thr aso Phe ser Ser Tyr Glu Asp Gly He Tyr 
180 * 185 100 



Are Asn ;..eu Phe Asp Leu Ale Asp Leu Asp Gin Gle aso Ser Thr lie 
195 260 205 



aso Ser Tyr Leu Lvs Ala Ala lie Lys Leu Trp Leu Asp yet sly Ha 
2X0 215 220 



Ase Glv He Am yet Asp Ale Val lvs His yet Ala Phe Gly Trp Gin 
225 • 230 235 240 



Lys Asn Pha yet Asp Ser lie see Ser Tyr Arq Pro val Pha Thr phe 
Ms 150 " 255 



Gly Glu Trp Tyr ree Gly Thr Asn Glu Val Asp Pro Asn Asn Thr Tyr 
260 265 270 



Phe el a Asn Glu Ser Gly Met ser Leu Leu Asn Phe Arq phe Ala Gin 
275 ' 280 285 



Lys val Arg Gin val Phe Arg Asp Asn; Thr Asp Thr Met Tyr Gly leu 




500 
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Asp ser Met He Gin Ser Thr Ala. Ala Asp Tyr Asn f*he He ash Asp 
305 310 31S 320 

Met val Thr Phe He asp Asn His asp Mat Asp Phe Tyr Thr sly 
32 S 330 ^ * " 33 S 

61 y ser Thr Arg Pro val Glu sin Ala i.eu Ala phe Thr ueu Thr ser 
340 343 330 

Arg 61 y val Pro Ala. lie Tyr Tyr sly Thr Glu Gin ryr Met Thr sly 
333 360 " 365 

Asn 61 y Asp Pro Tyr Asn Arg Ala Met Pet Thr ser Phe Asp Thr Thr 
370 373 380 

Thr Thr Ala Tyr Asn val He Lys i..ys Leu Ala Pro Leu Arg Lys Ser 
385 390 395 W0 

Asn Pro Ala lie Ala Tyr Ply Thr Gin Lvs Gin Arc; Trp He Asn Asn 
40$ 410 " 415 

asp val ryr He Tyr Glu Arc? Pin phe Sly Asn Asn Val Ala Leu Val 
420 425 ' 430 

Ala He ASn Arg Asn Leu ser Thr Ser Tyr Tvr He Thr Glv Leu Tvr 
435 440 * ' 445 " 

Thr Ala Leu Pro Ala Sly Thr Tyr ser Asp Met Leu sly sly Leu Leu 
450 455 460 

Asn Ply ser Ser He Thr val Ser Ser Asn Ply Ser val Thr Pro Phe 



Thr Leu Ala Pro sly Slu val Ala val Trp Gin Tvr val ser Thr Thr 
485 490 " 495 

Asn Pro Pro Leu He Sly His Val Glv Pro Thr Met Thr Lvs Ala Glv 
$00 505 5i0 

Gin Thr lie Thr He Asp Glv Arg sly Phe sly Thr Thr Ala Sly Gin 
313 520 525 

val Leu Phe sly Thr Thr Pro Ala Thr lie val Ser Tro 61 u ass Thr 
530 535 540 ' ' ' 

Glu val Lys val Lys Val Pro Ala Leu Thr Pro Glv Lvs Tyr Asn He 
545 55(3 555 560 

Thr Leu Lys Thr Ala Ser sly val Thr ser ash ser Tyr Asn Asn He 
565 570 " 575 
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Asn val Leu Thr gIy ash Gin val Cys val Are Phe Val Val Asn Asn 
580 58S 590 

Ala Thr rhr val Trp Gly Gla Asn Val Tyr Leu Thr Gly Asn Val Ala 
595 ' 600 ' 60S 

Glu Leu v xso p \sp a a lys CU i six. to - 
610 61S ' 620 



Gin val val Tyr Gin Tyr pro Thr Trp jyr Tyr Asp 
625 630 635 



val ser val Pro 
640 



Ala Glv Thr Thr lie Glu Phe tvs Phe lie Lys Lys ash G;y Ser Thr 
64 S 650 " '655 

Val Thr rrp Glu Gly Gly Tyr Asn His val Tyr Thr Thr Pro Thr Ser 
660 665 670 

Glv Thr Ala Thr val lie val Asp Trp Gin Pro 
675 680 

<2X0> 7 

Oa- 718 

; - PRT 
••:?.; :'.> Bacillus circulars 

<400> 7 

mt phe Gin net Ala tvs Arq Ala Phe teu ser Thr Thr Leu Thr Leu 
1 5 " 10 15 

Glv Leu reu Ala Glv Ser Ala Leu Pro Phe Leu Pro Ala Ser Ala Val 
20 " 2.5 30 

Tyr Ala Asp Pro Asp Thr Ala val Thr Asn tys Gin Ser Phe Ser Thr 
35 40 4S 

Asn val lie Tyr Gin Val Phe Thr Asp Arq Phe leu Asp Gly Asn Pro 
50 55 60 

Ser Asn Asn Pre Thr Gly Ala Ala Tyr Asp Ala Thr Cys Ser Asn Leu 
65 70 75 SO 

Lvs Leu Tyr Cys Glv Glv Asp Trp Gin Glv Lsu lie Asn tys .lie Asn 
8$ 90 ' 95 

Asn Am Tyr Phe ser Asp Leu Gly val Thr Ala Leu Trp lie ser Gin 
100 105 110 

Pro val Glu Asn lie Phe Ala Thr lie Asn Tyr Ssr Glv val Thr Asn 
IIS 328 125 

Page 17 
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Thr Ala Tyr His Gly Tyr Trp Ala Arq Asp Phe Lys Lys Thr Asn Pro 
130 135 140 ■ 



Tyr Phe -sly Thr Met Ala Asp Phe Gin Asn Leu He Thr Thr Ala His 
MS 150 1SS 160 



Ala Lys Gly lie Lys lie Val He Asp Phe Ala Pro Asn His Thr ser- 
ies 170 175 



pro Asa Met Glu Thr asp Thr Per Phe Ala Glu ash Ply Arq Leu tvt 
ISO 185 ' 130 



Asp ash Ply ■Thr Leu Val Ply Ply Tyr Thr Asn Asp Thr ash Ply Tyr 
195 200 205 ' * 



Phe His His asn Ply ply ser Asp Phe Ser ser Leu Glu ash ply He 
210 ' 215 220 



Tyr Lys Asn Lea Tyr Asp Leu Ala Asp Phe Asn Mis Asn Asn Ala Thr 
225 230 235 240 



He Asp Lys Tyr phe Lys asp Ala lie Lys Leu Trp Leu Asp Met Ply 
2.45 2S0 255 



Val Asp Gly lis Arg Val Asp Ala Val Lys His Met Pro Leu Slv Trp 
2S0 ' 2.65 ' 270 ' 



01 rs Lys ser Trp mx Ser ser lis Tyr Ala His Lvs Pro Val Phe Thr 
275 280 ' 285 



phe ply olu Trp Phe Leu Gly ssr Ala Ala ser asp Ala asp Asn Thr 
im 205 300 



Asp Phe Ala Asn lys Per Gly Met Ser Leu Leu Asp Phe Arq Phe Asn 
305 ' 310 ' 315 ' ' 320 



Ser Ala Val Are asn Val rhe Are asn asn rhr ser ash Pet Tyr Ala 
325 "330 335 



Leu Asp ser yet He Asn ser rhr Ala rhr asp Tvr Asa Gin val Asn 
340 345 350 



Asp Gin Val Thr phe He Asp Asn pis Asp Pet Asp Are Phe Lvs Thr 
355 360 365 



Ser Ala Val Asn Asn Are Arq Leu Ala Pin Ala Leu Ala Phe Thr Leu 
370 " 375 3® 



Thr \rg Gly vs i>*» H Ha Tyr Tyr 0 Thr Glu Gin T\ Leu 




Page IS 



10340-W6.ST2 5, txt 



Thr sly Asn sly asp Pro Asp Asn Arg Ala lvs Met Fro ser Phe ser 
40$ 410 415 

lvs ser Thr Thr Ala Phe Asn Val lie ser lvs Leu Ala Pro Leu Arq 

420 42 S 430 

Lvs Ser Asn Pro Ala lie Ala Tvr Glv ser Thr Gin Gin Arq Trp He 
43S 440 445 " 

«iSn Asp val T>t v > , s * h v M x *. 

val val Ala val Asn Arg Asn Leu Ser Thr ser Ala ser He Thr Glv 
465 470 475 480 

reu ser Thr Ser Leu Pro Thr Sly Ser Tyr Thr Asp Val ueu Glv Gly 
485 400 m ' 

val reu Asn Gly Asn Asn lie Thr Ser Thr Asn Glv ser lie aso Asn 

500 SOS 510 

Phe Thr Leu Ala Ala Gly Ala Thr Ala Val Trp Sin Tyr Thr Thr Ala 
5X5 520 525 

Glu Thr Thr Pro Thr lie Glv His val Glv Pro val mt Glv lvs pro 
530 535 " $m 

Gly ash Val Val Thr He Asp Gly Arg Gly Phe Gly Ser Thr Lys Gly 



Thr val Tyr Phe Gly Thr Thr Ala Va; Thr Gly Ala Ala He Thr Ser 
565 570 ' 575 

Trn Glu Ast> Thr Gin lie Lys VaG Thr lie Pro Ser Val Ala Ala Glv 
580 585 590 

Asn Tyr Ala val Lys val Ala Ala Ser Gly Val Asn ser Asn Ala Tvr 
595 600 605 

Asa Asa Phe 'Thr lie Leu Thr Gly Asp Ala Val Thr- Va ; Arcs Phe Val 
610 615 620 

Val Asn Asn Ala Ser Thr Thr Leu Gly Gin Asn Leu Tyr Leu Thr Gly 
625 630 635 640 

Asn val Ala Glu Lau Glv Asn Trp Ser Thr Sly Ser Thr Ala lis Gly 
645 " 650 655 

Pro Ala Phe Asn Gin val lie His Gin Tyr Pro Thr Trp Tyr Tyr Asp 
660 665 670 
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val ser val Pro Ala Gly lys Gin Leu Glu -Phe lys Phe Phe tys tys 
675 mO 6$S 

Asn Gly ser Thr lie Thr Trp Glu ser Gly ser Asn His Thr Phe Thr 
690 69$ 700 

Thr Pro Ala Ser Gly Thr Ala Thr val Thr val Asn Trp Gin 
70S 710 725 



<212> PRT 

<:213> Bacillus sp. 38-2 



Met Phe Gin Met Ala Lys Arq val Leu leu Ser Thr Thr teu Thr Phe 
X S 3.0 IS 

Ser tea leu Ala Gly ser Ala Leu Pro Phe Leu Pro Ala sar Ala lie 
20 25 30 

Tyr Ala Asp Ala Asp Thr Ala val Thr Asn lys Gin Asn Phe ser Thr 
35 40 4$ 

Asp val He Tyr Gin val Phe Thr Asp Arq Phe Leu Asp Glv Asn Pro 
30 $5 * 60 

ser asp ash Pre Thr Gly Ala Ala phe Asp Glv Thr cvs Ser Asn Leu 

Lys Leu Tyr Cys Gly Gly Asp Trp Gin Gly Leu val Asn tvs lie Asa 
SS 90 ' 95 

Asp Asn Tyr Phe Ser Asp Leu Gly Val Thr Ala Leu Trp lie Ser Gin 
100 10$ ' 110 

Pro val Glu Asn lie Phe Ala Thr lie Asn Tyr Ser Glv Val Thr Asn 
115 120 125 

Thr Ala Tyr His Gly Tyr Trp Ala Arg Asp Phe Lys Lys Thr Asn pro 
130 135 140 

Tyr nhe Gly Thr Met Thr Asn phe Gin Asn i,eu Val Thr The Ala His 
145 150 155 100 

Ala Lys Gly lie i.ys lie lie lie Asp Phe Ala Pro Asn His Thr Ser 
165 170 175 

Pro Ala Met Glu Thr ass 'Thr Ser Phe Ale Glu Asn Gly Lys Leu Tvr 
180 185 ' 190 
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Asp Asn 61 v Asn Leu val Civ 6lv Tvr Thr Asn Asp rhr Asn Glv Tvr 
195 200 ' 205 " " 

Phe His His Asn Glv Glv Ser Asp Pbe Ser rhr Leu Glu Asn Glv lie 
210 ' 215 220 

Tvr tys Asn Leu Tvr Asp Leu Ala asp Leu Asn His Asn Asn ser Thr 
225 ' 230 235 240 

He Asp Thr Tvr Phe lys asp Ala He Lys Leu Trp Leu Asp mt Glv 
245 250 255 

val Asp Glv He Aro val Asp Ala val Lys His Met Pro Sin Glv Trp 
260 ' 265 270 

Gin Lys Asn Trp Met Ser Ser He Tvr Ala His Lys Pro Val Phe Thr 
275 2S0 ' 285 

Phe Gly Glu Trp she Leu Glv Ser Ala Ala Pro Asp Ala Asp Asn Thr* 
290 295 300 

aso phe Ala Asn Glu Ser Glv Met ser Leu Leu Asp Phe Are. Phe Asn 
305 310 315 " 320 

Ser Ala Val Are Asn Val she Arq Asp Asn Thr Ser Asn Met Tvr Ala 
325 330 335 

Leu Asp ser Met Leu Thr Ala Thr Ala Ala Asp Tvr Asn Gin val Asn 
340 345 3 SO 

Asp Gin val rhr Phe He Asp Asn His Asp vet Asp Are Phe Lys Thr 
355 360 Ml 

Ser Ala val Asn ash Arq Arq Leu Glu Gin Ala Leu Ala Phe Thr Leu 
370 " 375 3$0 

Thr ser Arq Gly val Pro Ala lie Tvr Tyr Ply Thr Glu Gin Tyr Leu 
385 390 ~ 395 400 

Thr Glv Asn Gly Asp Pro Asp Asn Arq Gly lys Met Pro Ser she Ser 
405 * 410 415 

lvs ser Thr Thr Ala Phe Asn Val Tie ser Lys leu Ala Pro leu Arq 
420 425 " 430 

Lys ser Asn pro Ala lie Ala Tvr Glv Ser Thr Gin Gin Are Trp Tie 
435 440 ' 443 

Asn Asn Asp val Tyr He Tyr Glu Aro lvs Phe Gly Lys ser val Ala 
450 45$ ' ' 460 ' 



WO ■2005/003337 5 , < s < 

X0340~WO.ST25.txt 
Val val Ala Val as« Ara Asn leu Thr Thr Pro Thr ser Xle Thr Asn 
465 475 475 480 

teu ash Thr ser Leu Pro Ser aly Thr Tyr Thr ass val Leu Gly Gly 
485 490 495 

val Leu Asn 61 y Asn Asn lis Thr ser ser Gly sly Asn He ser s«r 
500 SOS 510 

Phe Thr Leu Ala Ala Gly Ala Thr Ala val Trp Gin Tyr Thr Ala ser 
515 520 525 

G'\u Thr Thr Pro Thr He Gly His val Gly Pro val Mat Gly lvs Pro 
530 535 540 

Gly Asa val val Thr He Asp Gly Ara Gly Phe Gly Ser Ala Lys Glv 
545 550 555 " 560 

Thr val Tyr Phe Gly Thr Thr Ala val Thr Gly ser Ala Xle Thr Ser 
565 570 575 

Trp Glu asp rhr Gin Xle Lys val Thr Xle Pro Pro val Ala Gly Gly 
580 585 500 

Asp Tyr Ala val Lys val Ala Ala aso sly val ash ser ash Ala Tyr 
595 60S; 605 

Asn Asp Phe Thr lie leu Ser Gly Asp Gin val Ser val Arcs phe val 
610 615 620 

xle Asn Asn Ala Thr Thr Ala leu Gly Glu Asn Xle Tyr Leu Thr Gly 
625 630 635 ' 640 

Asn val ser Glu Leu gIv Asn Trp Thr Thr Gly Ala Ala ser He Gly 
645 ' 650 655 ' 

Pro Ala Phe Asn Gin val ii s His Ala Tyr Pro Thr Trp Tvr Tvr Asp 
660 665 670 

Val ser val pro Ala Gly Lvs Gin Leu Glu Phe lvs Pas Phe lys tvs 
675 6S0 685 " 

Asn Gly Ala Thr lie rhr Trp Glu Gly Gly ser Asn His Thr Phe Thr 
690 695 700 

Thr pro Thr ser sly Thr Ala rhr val Thr xle Asn Trp Gin 

70s 7io m 

<2W> 9 
<21i> 713 

<213> Bac.i t k;s so. 10 Q 
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Met Lys Arq ehe Met Lys Leu Thr Ala Val Trs Thr Leu Trp Leu ser 
15 10 IS 

Leu Thr Leu Gly Leu Leu Ser Fro val His Ala Ala Pro Asp Thr ser 
20' 25 30 

Val ser Asn Lvs Gin Asn Phe Ser Thr Asp val lie Tvr Gin lie »he 
35 ' 40 45 

Thr Asp Are phe ser \ < " Asn Pro Ala Asn Asn Pro Thr Gly Ala 
50 55' 60 

Ala Phe Asp Glv Ser c.ys Thr Asn Leu Are Leu Tyr Cvs civ Sly Asp 

65 ' 70 " 75 * '" 80 

Trp Gin Glv He lie Asn Lvs lie Asn Asp Glv Tvr Leu Thr Gly mt 
85 90 " * 95' 

Gly lie Thr Ala lie Trp lie Ser Gin pro Val Glu Asn Tie Tyr Ser 
100 105 110 

Val lie Asn Tyr ser Gly Val Asn Asn rhr Ala Tyr His Glv Tyr Trp 
IIS 120 "125 

Ala Arq Asp phe lvs lvs Thr Asn Pro Ala Tyr Gly Thr met Gin Asp 
130 135 140 

Phe Lys Asn Lea Ho Asp Thr Ala His Ala His Asn lie Lys val lie 

14 5 150 155 160 

lie Asp Phe Ala Pro Asn His Thr Ser Pro Ala Ser Ser ase> Asa pro 
165 170 175 

Ser Phe Ala Glu Asn Gly Arcs Leu Tyr Asp Asn Gly asp Leu Lea Glv 
ISO : 185 190 

Gly Tyr Thr Asa Asp Thr Gin Asn Leu Phe His His Tyr Gly Gly Thr 



195 200 20$ 

Asp ehe Ser Thr lie Glu Asn Gly lie Tyr Lys Asn Leu Tyr Asn Lea 
210 215 220 

Ala Asp Leu Asn His Asn Asn Ser Ser val ass val Tyr Leu Lys Asp 
225 230 235 240 

Ala lie ays Met Trp Leu Asp Leu Gly val Asp Gly He Arq Val Asp 
245 250 ' 255 

Ala val Lys His Met pro Phe Gly Trp Gin Lys Ser Phe mt Ala Thr 
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2.60 265 270 

lie Asn Asn Tyr Lys Pro val Phe Thr Phe Glv Glu Trp Phe Leu <slv 
275 280 ' 28S 

val Asn Glu lie Ser Pro Glu Tyr His Gin Phe Ala Ash Glu ser gIv 
230 295 300 

«at Ser Leu Leu Asp Phe Are Phe Ala Gin Lys Ala Ara Gin val Phe 
305 310 ' 315 320 

Arc? Asp Asn Thr Asp ash Met Tyr Gly Leu Lys Ala mt Lsu Glu Gly 
325 330 335 

see Glu val Asp Tyr Ala Gin val ash asd Gin Val Thr Lisa lie Asn 
340 345 350 

Asn His Asn Hat Glu Arq Phe His Thr Ser Asn Gly ass Are Ara Lvs 
355 ~ 360 365 

Leu Glu Gin Ala Leu Ala Phe Thr Leu Thr Ser Arg Gly val pro Ala 
370 375 380 

lie Tyr Tyr Gly s«r Glu Gin Tyr Met Ser Gly Gly Asn Ass Pro Asp 
385 390 395 400 

Asn Arg Ala Arg Leu Pro Ser Phe Ser Thr Thr Thr Thr Ala Tyr Gin 
405 410 415 

Val XI e Gin Lys Lee Ala Pro Leu Arq Lys Ser Asn Pro Ala Tie Ala 
420 425 430 

Tyr Gly Ser Thr His Glu Arq Trp lie Asn Asn Asp Val He lie Tvr 
435 440 445 

Glu Arq Lys Phe Gly Asn Asn Val Ala Val val Ala He ash Are Asn 
450 455 460 

Met Asn Thr Pro Ala ser He Thr Gly Leu val Thr Ser Leu Arq Ara 
465 470 475 " 4S0 

Ala Ser Tyr Asn Asp val Leu Gly Gly lie Leu Asn Gly Asn Thr Leu 
485 490 495 

Thr val Gly Ala Gly Gly Ala Ala ser ash Phe Thr Leu Ala Pro Glv 
500 ' 505 510 

Gly Thr Ala Val Trp Gin Tyr Thr Thr Asp Ala Thr Thr Pro lie lie 
515 520 525 

Gly Asn val Gly Pro wet «et Ala Lys Pro Gly Val Thr lie Thr lie 
Page 24 



530 535 540 

ass Gly Arcs (Sly Phe Gly ser Slv Lys Glv Thr val Tyr Phe Glv Thr 
545 " ' 550 555 * 560 

Thr Ala Val Thr Gly Ala Asp He v'al Ala Trp 61 u Ass Thr Gin lis 
565 570 ' 575 

Gin val lys 1*1 e Pro Ala val pro Glv Glv He Tvr aso lie Arc* val 
580 585 590 

Ala Asn Ala Ala Gly Via Ala Ser asn He Tvr Asp ash Phe Glu val 
595 600 605 

Leu Thr Gly Asp Gin val Thr val Arq Phe val lie Asn Asn Ala Thr 
6X0 615 620 

Thr Ala leu Gly Gin ash val Phe leu Thr Gly Asn Val Ser Glu Leu 
625 630 635 640 

Gly ash Trp aso Pro Asn Asn Ala lie Gly Pro mz Tyr Asn Gin val 
645 650 655 

val Tyr Gin Tyr Pro Thr Trp Tyr Tvr Asp Val Ser Val Pro Ala Gly 

Gin Thr lie Glu Phe Lys Phe Leu Lys Lys Gin Glv Ser Thr val Thr 
675 680 635 

Trp Glu Gly Gly Ala Asn Arq Thr Phe Thr Thr pro Thr Ser Glv Thr 
690 695 700 

Ala Thr val Asn Val Asn Trp Gin Pro 
705 710 

<*?.10> 10 

<211> 712 

<212:> PRT 

<213> Bacillus sp. 3S~2 

<400> 10 

Met lys Arq Phe Met Lys Leu Thr Ala val Tro 'Thr Leu Trp Leu ser 
1 5 10 15 

Leu Thr teu Gly Leu Leu Ser Pro Val His Ala Ala Pro Asp Thr ser 
20 25 50 

val ser Asn Lys sin Asn Phe ser Thr Asp val lie Tyr Gin lie Phe 
35 40 45 

Thr Asp Arq Phe ser Asp Gly Asn Pro Ala asn Asn Pro Thr Gly Ala 
SO 55 60 

page IS 
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Ala Phe Asp gly ser cys Thr Asn Leu Arq Leu Tvr cys Gly sly 
OS 70 75 



ASP 



Trp Gin Gly lie He asp Lys lie Asn Asp Gly Tvr leu Thr Gly Met 

as so ' 

Gly lie Thr Ala lie Trp lie Ser Gin Pro Val Glu Asn He Tvr Ser 
100 105 110 

val lie Asn Tyr Ser Gly val lis lsu hr Ala yr His Gl> Tyr Trp 

Ala Arg Asp Phe Lys tys Thr Asn Pro Ala Tvr Gly Thr Mat Gin Asp 
130 13 S 140 

ahe tys Asn tea He Asp Thr Ala His Ala His Asn He Lys Val Ha 
145 ISO 155 160 

lie. Asp Phe Ala Fro Asn Hi s Thr ser Pro Ala Ssr Ser Asp asp Pro 
185 I?0 175 

ser Phe Ala Glu Asn Gly Arg Leu Tvr Asp Asn Glv Asn Leu Leu Gly 

m m ' m 

Gly Tyr Thr Asn Asp rhr Gin Asn Leu Phe His His Tyr Gly Glv Thr 
195 200 205 

Asp Phe Ser Thr He Glu Asn Glv lie Tvr ivs asp Leu ryr Asp Leu 
210 715 220 

Ala at i >er Ser V&l Asp Val t eu Lys: Asp 

m 230 235 ' * 240 

Ala He tys Met Trp Leu Asp Leu Gly Val Asp Gly He Aru val Asp 
245 250 "255 

Ala val Lys His Mar Pro Phe Gly Trp Gin Lys Ser Phe Mat ser rhr 
260 ' 205 270 

He Asn Asn Tyr Lys Pro val phe Asn Phe Gly Glu Trp Phe Leu Glv 
275 280 28S 

val Asn Glu lis Ser Pro Glu Tvr His Gin Phe Ala asp Glu ser Gly 
230 295 ■ 300 

Mat ser Leu lsu Asp Phe Pro Phe Ala Gin Lys Ala Arq Gin Val Phe 
305 310 .315 " 320 

Arg a *$n vh s sp \sp Met Ty Glv Leu Lys Ala Met Leu Glu Gly 
325 330 335 
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Ser Glu val asp Tyr Ala Gin val asp Asp Gin val Thr Phe He Asp 
340 345 3 SO 

ash His Asp Met Glu Are. He His Thr ser Asn Gly Asp Are Arg Lys 
355 iSQ 385 

Leu Glu Gin Ala ten Ala Phe Thr Leu Thr Ser Arq Gly Val Pro Ala 
370 375 380 

He ryr Tyr Gly Ser Glu Gin Tyr Met Ser Glv Gly Asn Asp Pro Asp 
38$ 390 39$ ' 400 

Asn Arcs Ala Are He Pro Ser Phe Ser Thr Thr Thr rhr Ala tyr Gin 
405 410 415 

val He Gin tys Leu Ala Pro Leu Arg Lys Ser Asn Pro Ala lie Ala 
420 425 430 

Tyr Gly Ser Thr Gin Glu Arg Tre lie Asn Asn Asp Val Ho He Tyr 
435 440 445 

Glu Arg tys r-he Gly Asn Asn Val Ala Val val Ala Us Asn Arq Asn 
450 455 4m 

Met. Asrs Thr Pro Ala ser lie Thr Glv toy val rhr ser Leu Pro Gin 
465 470 * 475 480 

Gly Ser Tyr Asn Asp val Leu Gly <sty He Leu Asn Glv Asn Thr Leu 
485 490 495 

Thr val Gly Ala Gly Hy Ala Ala Ser Asn Phe Thr Leu Ala Pro Gly 
500 505 510 

Gly Thr Ala Val rrp Gin Tyr Thr Thr Asp Ala Thr Ala Pro He Asn 
515 520 525 

Gly Asn val Gly Pro Met Met Ala Lys Ala Glv val Thr He Thr He 
530 535 ' ' 540 

Asp Gly Arg Ala Ser Ala Arq Gin Gly Thr Val Tvr Phe Glv Thr Thr 
545 550 ' 555 560 

Ala val Thr Gly Ala Asp He val Ala Trp Glu Asp Thr He He Gin 
565 570 575 

Val Lys lis Leu Arg val Pro Gly Gly He Tvr Asp He Are val Ala 
580 $85 ' 590 

Asn Ala Ala Gly Ala Ala Ser Asn lie Tyr asp Asn Phe Glu val Leu 
505 600 60S 
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Thr Gly Asp Gb Vsl Thr Val A.rq Phe val He Asn Asn Ala Thr Thr 
610 6 IS 620 



Ala leu Gly Gin Asrs Val Phe. Ley Thr Gly ash val ser Glu Leu Gly 
62 S 630 ' 63 S 640 



Asn Trp Asp Pro Asn Asn Ala He Gly pro Met Tyr Asn Gin Val Val 
64 S ' 6S0 ' 655 



Ayr Gin Tyr Pro Thr Trp Tyr Tyr Asp Val Ser Val Pro Ala Glv Gin 
660 ' ' 60S 6/0 " 



Thr He Glu phe lvs Phe Leu Lys lvs Gin Glv Ser Thr val Thr Trp 
6?S 680 ' 685 



Glu Gly Gly Ala Asn Are Thr Phe Thr Thr pro Thr ser Gly Thr Ala 
690 60S 700 



Thr Val Asn Val ash Trp Gin pro 



<T13> Bacillus circuits 
<400> 11 

Met Lys Lys Phe Leu Lys Ser Thr Ala Ala Leu Ala Leu Glv Leu Ser 
1 S 10 * IS 



teu Thr Phe Gly leu Phe Ser Pro Ala Gin Ala Ala Pro Asp Thr ser 
20 25 30 



Val Ser Asn Lys Gin Asn Phe Ser Thr Asp Val lie Tyr G'iu lie Phe 
35 40 4S 



Thr Asp Are Phe Ser Asp Glv Asn Pro Ala Asn Asn Pro Thr Glv Ala 
50 S5 CO 



Ala Phe Asp Gly Thr Lvs Thr Asn Leu Arg Leu Tyr Cvs Glv Glv Asp 
65 70 75 ' ' SO 



Trp Gin Gly lie lie Asn lvs lie Asn Asp 5ly Tyr Leu Thr Glv Met 
SS m ' 95 



Gly va; Thr Ala lis Trp He Sen Hr Pro Val Gin \sn He T V r ser 
100 105 110 ' 



lie He As n Tyr Ser Gly Val Asp ash Thr Ala Tyr His Gly Tyr Trp 



70S 





115 
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Ala Arg Asp Phe tys Lys Thr As* Pro Ala Tyr Gly Thr lie Ala Asp 
330 335 140 

Phe Gin Asn Leu lie Ms Ala Ala His Ala Lys Asn He Lys Val lie 
MS ISO 155 ' 160 

He Asp Phe Ala Pro Asn His Thr Ser pro Ala ser Ser Asp Gin Pro 
163 170 175 

Ser Phe Ale 61 u Asn Gly Are Leu Tvr Asp Asn Gly Thr Leu leu Glv 
180 18 S 190 

Gly Tyr Thr Asn Asp Thr Gin Am Leu phe His His Asn Glv Glv Thr 

m 200 205 " ■ 

Asp Phe Ser Thr Thr Glu Asn Gly He Tyr Lys Asn Leu Tyr Ass Leu 
210 215 220 

Ala Asp Leu Asn His Asn Asn Ser Thr val asp val Tyr Leu Lys Asp 
22 S 230 235 ' 240 

Ala He Lys Met Trp reu Asp Leu Gly He Asp Glv He Arc Met Asp 
245 230 " 255 

Ala Val Lys His Met Pro Phe Gly Trp Sin Lys Ser Phe mt Ala Ala 
260 265 270 

val Asn Asn Tyr Lys Pro val Phe Thr Phe Glv Glu Trp Phe Leu Gly 
275 280 " 285 

val Asn Glu val Ser Pro Glu Asn His Lys Phe Ale Asn Glu ser Glv 
290 25)5 300 

Met ser Leu Leu Asp phe Arc; phe Ala Gin tvs val Arq Gin val Phe 
BOS 310 315 320 

Arg Asp Asn Thr Asn Asn mt "fvr Gly Leu Lys Ala Met reu Glu Gly 
325 * BO " 33$ 

ser Ala Ala Asp Tyr Ala Gin val Asp Asp Gin Val Thr Phe lie Asp 
340 34 $ 3S0 

Asn His Asp Gin Arg Phe His Ala Ser Asn Ala Asn Arg Arg Lys 
35S 300 365 

Leu Glu Gin Ala reu Ala Phe Thr Leu Thr Ser era Hv val Pro Ala 
370 375 380 " 

He Tyr Tyr Gly Thr Glu Gin Tyr mx Ser Gly Gly Thr asp Pro Asp 
385 390 395 ' 400 
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Asn Arg Ala Arq He pro ser Phe Ser Thr ser Thr Thr Ala Tyr sin 
405 410 415 

Val lis Gin Lys teu Ala Pro Lea Arq Lys cys Asn Pro Ala He Ala 
420 425 " 430 

Tyr Gly ser Thr Gin Glu Arq Tro He Asn Asn Asd val leu He Tyr 
43S 440 445 

61 a Art? Lys Phe Gly ser asp Val Ala Val val Ala Val Am Are Asn 
450 455 4S0 

Leu Asn Ala pro Ala Ser lie ser Gly Leu Val Thr ser Leu fro Gin 
465 470 475 480 

Gly Ser Tyr Asn Asp Val Leu Gly sly Leu Leu Asn Gly Asn Thr Leu 
485 490 49S 

Ser Val Gly ser Gly Gly Ala Ala ser Asn Phe Thr Leu Ala Ala Gly 
500 505 510 

Gly Thr Ala val Trp Gin Tyr Thr Ala Ala Thr Ala Thr Pro Thr He 
515 520 52$ 

Gly His Val Gly pro Met Met Ala tys Pro Gly val Thr Ho Thr He 
530 535 " $40 

asd Gly Arg Gly Phe Gly Ser ser lys Gly Thr Val Tyr Phe 61 v Thr 
345 550 ' 555 ' " 560 

Thr Ala val ser Gly Ala Asp He Thr ser Trp Glu Asp Thr Gin He 
565 570 575 

Lys val Lys lie Pro Ala val Ala Gly Gly Asn Tyr Asn He i ys val 
580 S8S " 590 

Ala Asn Ala Ala Gly Thr AT- ser Asn val Tyr Asn ash phe Gin Val 
S35 600 " 605 

Leu ser Gly Asp Gin Val ser val Arq Phe Val Val Asa Asn Ala Thr 
610 615 6:28 

Thr Ala Leu Gly Gin Asn Val Tyr Leu Thr Gly Ser Val ser Glu Leu 
625 630 635 640 

Gly Asn Trp asp Pro Ala Lys Ala lie Glv pro mt Tvr Asn Gin Val 
645 650 ' 655 

Val Tyr Gin ;'yr r-n Asn Trp Tyr Tyr Asp val Ser val >>ro Ha Gly 
660 665 670 

Pane 30 
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Lys Thr He Glu Phe uys Phe Leu Lys Lys Gin «1v Ser Thr Val Thr 
875 680 685 

Trp Glu <s1y Gly Ser Asn His Thr Phe Thr Ala Pro ser ser Glv Thr 
690 695 700 

Ala Thr lie Asn val Asa rrp Gin Pro 
70S 710 



<213> Bacillus sp, 
<400> U 

Ala Pro Asp Thr Ser Val ser asn Lys Gin Asn she Ser Thr ass val 
1 5 ' 10 IS 

lie Tyr Gin lie Phe Thr Asp Arg Phe ser Asp sly Asa Pro Ala Asn 
20 25 30 

Asn Pro Thr Gly Ala Ala Phe Asp Gly Ser cys Thr Asn Leu Arg Leu 
35 40 45 

Tyr cys Gly Gly Asp Trp Gjn Gly lis lis Asm Lys He Asn Asp Gly 

Tyr Leu Thr Gly Met Gly He Thr Ala lie Trp He ser Sin Pro Val 
65 70 75 SO 

Glu Asn lie Tyr Ser val He Asn Tyr Ser Gly val Asn Asn Thr Ala 
SS SO * 95 

Tyr His Gly ryr Trp Ala Arc? Asn Phe Lys lys Thr Asn Pro Ala Tyr 
100 105 ' • 110 

Gly Thr Met Gin asp Phe Lys Asa Leu He ass Thr Ala His Ala His 
115 ' 120 ' 125 

Asa He Lys Val He He Asp Phe Ala pro asn His Thr Ser Pro Ala 
130 135 140 

ser ser asp asp Pro Ser Pas Ala Glu Asa Gly Ares Leu Tvr Asa Asa 
145 150 155 " ' 160 

Gly ash Leu Leu Gly Gly Tyr Thr Asn Asp Thr Gin Asn Leu Phe His 
165 170 ITS 

His Tyr Gly Gly Thr Asp Phe ser Thr xlg Glu ash Gly He Tyr tvs 
ISO IBS 190 
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Asn Leu Tyr Asp Leu Ala Asp teu Asn His Asn Asn Ser $er val Asp 
195 200 205 

val Tyr Leu Lys Asp Ala lie Lys Met "fro Leu Asp Leu <$!y val asp 
210 215 220 

Gly tie A.rg Val Asp A': a Val Lys His Met Pro Phe Glv Trp Gin Lvs 
225 230 235 • m 

sen phe Met See Thr lie Asn Asn Tvr Lvs Pro Val Phe Thr Phe Giv 
245 250 2SS * 

Glu Trp Phe Leu Gly Val Asn Glu lie ser Pro Glu Tvr His Gin Phe 
260 265 ' 270 

Ala Asn Glu ser Gly Met Ser Leu Leu Ass Phe Arq Phe Ala Gin Lvs 
275 280 " 285 

Ala Aru Gin val Phe Are Ase Asn Thr Asp Asn Met Tvr Giv Leu Lvs 
290 295 300 

Ale Met Leu Glu Gly Ser Glu Val Asp Tyr Ala Gin Val Asn Asp Gin 
305 310 315 ' 320 

val Thr Phe lie Asp Asn His Asp Met Glu Arg Phe His Thr Ser Asn 
325 330 ' 335 

Gly Asp Arg Arg Lys Leu Glu Gin Ala Leu Ala Phe Thr Leu Thr ser 
340 345 350 

Arg Gly Val Pro Ala He Tyr Tyr Gly ser Glu Gin Tyr Met ser Gly 
355 360 ' 365 

Gly Asn Asp pro Asp Asn Arg Ala Arg Tie Pro Ser Phe ser Thr Thr 
370 375 380 

Thr rhr Ala Tyr Gin Val lie Gin Lys Leu Ala Pro Leu Are Lvs ser 
385 390 335 ' 400 

Asn Pro Ala lie Ala Tyr Gly Ser Thr Gin Glu Arg Tru lie Asn Asn 
405 410 415 

Asp val lie Us Tyr Glu Arg Lys Phe Gly Asn asp val Ala val Val 
420 425 ' 430 

Ala lie asp Arg Asn Met Asn Thr Pro Ala ser He Thr Gly Leu Val 
435 440 445 

Thr ser Leu Pro Gin Gly Ser Tyr Asn Asp val Leu Gly Gly lie Leu 
450 ' 455 " ■ 460 ' 
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Asa < u Thr val Glv a Glv phe 

46 S 470 ' 475 480 

Thr Leu Ala Pro Gly Gly Thr Ala Val Trp Gin Tvr Thr Thr Asp Ala 
485 4P0 " 4m 

Thr Ala Fro He Tie Gly Asn val Gly Pro Met Net Ala Lys Pro sly 
500 SOS 510 

val Thr He Thr He Asp Gly Arg Gly Phe Gly Sen G'lv Lys Gly Thr 
m • 520 525 

val Tyr phe Gly Thr Thr Ala val Thr Gly Ala Asp He Val Ala Trp 
530 535 540 

Glu Asp Thr Gin He Gin Val tys He Pro Ala val Pro Glv Gly He 
545 SS0 555 * 560 

Tyr Asp He Are Val Ala Asn Ala Ala Gly Ala Ala Ser Asn He Tvr 
565 570 575 

asp Asn Phe Glu val Leu Thr Glv asp Gin Val Thr Val Are phe val 
580 585 m 

He Asn ASft Ala Thr Thr Ala Leu Gly Gin Asn val phe Leu Thr Glv 
59S 800 ' 60S 

Asn val Ser Glu Leu Gly Asn Trp Asp Pro Asn Asn Ala He Gly Pro 
610 615 620 

Met Tvr Asn Gin val Val Tyr Gin Tyr pro Thr Trp Tvr Tvr Asp Val 
625 630 ' 635 640 

sen val Pro Ala Gly Gin Thr He Glu Phe Lys Phe Leu L.ys tys Gin 
645 650 ' 655 

Gly ser Thr Val Thr Trp Glu Gly Gly Ala Asn Arg Thr phe Thr Thr 
660 ' 66'S 670 

pro Thr ser Glv Thr Ala rhr Met Asn Val Asn Trp Gin pro 
675 680 685 

<210> 13 
<211> 704 

-.IT* • PRT 

<213> Bacillus ohhensls 
<400> 13 

Met Lys Asn Leu Thr val Leu Leu Lys inn lis pes Leu Ala Leu Leu 
1 5 10 15 

Lee phe He Leu Leu Ser Leu Pro Thr Ala Ala sin Ala Asp val Thr 
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20 25 30 

asp Lys Val Asn Tyr rhr Arg asp val He Tvr Gin He val Thr Asp 
35 40 45 

Art; Phc Ser Asp civ Asp Pro ser Asn Asn pro Thr Glv Ala He Tyr 
SO ' 55 60 " 

Ser Gin Asp Cys Ser Asp Lea His Lys Tyr cys A ! y Glv Asp Trp Gin 
65 70 75 80 

Gly He r.le Asp tvs .lie Asn Aso Glv Tvr Leu Thr Ass Leu sly lie 
85 " 90 95 

rhr Ala He rro lie Ser Gin Pro val Glu Asn Val Tvr Ala Leu His 
100 105 110 

Pro Ser Gly Tyr rhr ser Tyr His Gly Tyr Trp Ala Arg Asp Tyr Lys 



Are Thr Asn Pro Phe Tyr Gly Asp Phe Ser Asp Phe Asp Ara Leu Met. 
130 13.5 140 

Asp Thr Ala His ser Asn Gly He Lys val He Met Asp Phe Thr Pro 
145 ISO 155 160 

Asn His ser ser Pro Ala Lea Glu Thr Asp Pro Ser Tyr Ala Glu Asn 
163 170 ■ 175 

Gly Ala val ryr asp Asp Gly Val Lea lie Gly Asn Tyr Ser Asn Asp 
180 185 ' 190 

pry Asn Asn Leu Phe His His Asn Glv Glv Thr Asp Phe Ser Ser Tyr 
m 200 " ' ' 205 

Glu Asp ser lie Tyr Arg Asn Leu Tyr Asp Leu Ala Aso Tyr Asp Leu 
210 215 220 

ash Asn Thr Val Met Asp Gin Tyr Leu Lys Glu Ser lie Lys Leu Trp 
225 230 235 245 

Leu Asp Lys Gly Tie Asp Gly He Arg val Asp Ala Val Lys His Met 
245 250 " 255 

Ser Glu Gly Trp Gin Thr ser Leu Met Ser Aso lis Tyr Ala. His Glu 
2S0 265 ~ 270 

Pro val Phe Thr Phe Gly Glu Trp Phe; Leu sly ser Gly Glu Val Aso 
275 280 ' 285 

.Pro Gin. asn his His Phe Ala Asn Glu ser Gly &et ser Leu Leu Asp 
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Phe Gin Phe Glv Gin Thr lie An* Asp Val -Leu Met Asp Glv Ser Ser 
305 ' 310 " 315 320 

Asn rrp Tyr Ass Phe. Asn Glu Met He Ala Ser Thr Glu Glu Asp Tyr 
325 330 335 ' 

Asp Glu Val He Asp Gin Val Thr Phe lie Asp Asn His Asp Met ser 
340 345 350 

Arc? Phe Ser Phe Glu Gin Ser ser ash Arc; His Thr Asp lis Ala Leu 
355 360 365 

Ala val Lfcu Leu Thr Ser arq Gly val pro Thr lie Tyr Tyr Gly Thr 
370 375 330 

Glu Gin Tyr Leu Thr Gly Gly Asn ass pro Glu Asn Arq Lys Pro Met 
385 390 ' 3 95 ' * 400 

Ser Asp Phe Asp Arg Thr Thr Asa s«r Tyr <J1n He lie Ser Thr Leu 
405 4W 415 

Ala ser Leu Are Gin Asn Asn pro Ala im .Sly Tvr Glv Asn Thr ser 
420 425 ' " 430 

Glu Arq Trp He Asn Ser Asp Val Tyr lie Tyr Glu Are Ser Phe Glv . 
435 440 • 445 

Asp ser val Val Leu Thr Ala Val Asn Ser Gly Asp Thr ser Tvr Thr 
450 455 ' 460 

Tie Asn Asn Leu Asn Thr Ser teu Pro Gin Glv Gin Tyr Thr Asp Glu 
465 470 475 480 

Leu Gin Gin Leu Leu Asp Gly Asa Glu He Thr val Asn Ser Asn Glv 
485 " 490 495 

Ala Val Asp ser Phe Gin Leu Ser Ala Asa Gly val ser val Trp Gin 
500 505 " 510 ' 

lie Thr Glu Glu His Ala ser Pro Leu He Gly His val Gly pro Met 
515 520 " 525 

Mat Sly Lys His Gly Asn Thr Val Thr lie Thr Glv Glu Glv phe Gly 
530 535 540 

Asp Asa Glu Gly Ser Val Leu Phe Asa Ser Asa Phe Ser Asp Val Leu 
545 " 550 555 560 

ser Trp Ser Asp Thr Lys lie Glu val Ser Val Pro Asp val Thr Ala 
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565 570 57$ 

Sly His Tyr Asp He ser val val Asn Ala Gly Asp Ser sin sen Pro 
580 505 ' 590 

Thr Tyr Asp Lys phe Glu val Leu rhr Gly Asa Gin val ssr lie «. r 
595 600 ' 805 

Phe Ala val Asn ash Ala rhr rhr Ser Leu Sly Thr ash Leu Tvr vef 
610 615 620 

Val <3ly Asn val ash Glu leu Gly Asn Trp asd Pro Aao Gin Ala Tie 
825 630 635 ' 640 

Gly Pro met Phe Asn Gin val Met Tyr Gin Tyr Pro i'hr Trp Tyr Tyr 
645 ' 6$0 6SS 

Asp He ser Val Pro Ala Giu Giu Asn Leu Glu Tyr Lys phe He tvs 
680 60S 670 

Lys Asp ser ssr G'iy Asn val Val Trp Giu ser Gly Asn Asn His Tor 
675 680 685 

'Tyr Thr Thr Pro Ala Thr Gly Thr asp Thr Val Leu val asp Trp Gin 
690 695 700 



<:>!>> ppt 

<213> Bacillus sp. 1-1 



Met Asn Asp lsu Asn Asp Phe Leu i.ys Thr He ten Leu ser phe He 
1 5 10 13 

Phe Phe Leu Leu Lay Ser res Pro Thr val Ala Glu Ala Asp Val Thr 
20 25 30 

Asn Lys val Asn Tyr Ser Lys Asp val He Tyr Gin lie Vai Thr Asp 
35 40 4S 

Ai-g Phe ser asd Gly asp Pro Gly Asn Asn Pro Ser G'iy Ala He Phe 
50 SS 60 

Ser Gin Asn cys Tie Asp Leu His Lys Tyr cvs Gly Glv Asp Trp Gin 

65 70 75 " ' ' SO 

Gly lie lie Asp Lys lie Asn Asp Gly Tyr .im Thr Asp Leu Gly He 

Thr Ala Leu Trp He Ser Gin pro v.H Glu Asn Val Tyr Ala Leu His 
100 105 ' no 
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pro Ser Sly ryr Thr ser Tyr His Sly Tyr Trp Ala Arc? Asp Tyr Lys 

115 120 125 " 

Lys Thr ash Pro Tyr Tyr Sly Asn Phe Asp Asp Phe Asp Arg Leu Met 

130 13 5 140 

s< Thr Ala His se sksn Sly is t * Pha 

145 ISO ' 155 160 

ash His Ser Ser Pro Ala Leu Slu Thr Asr Pro ash Tvr val slu Asu 

165 170 1/3 

Sly Ala He ryr Asp Asn Sly Ala Leu Leu Sly ash Tyr ser Asn Asp 

180 3.85 ' 190 

Sin sin ash Leu Phe Mis His Asn Sly Sly Thr asd Phe Ser Ser Tyr 

195 200 205 

Slu Asn ser .tie Tyr Arcs Asn Leu Tvr Asp Leu Ala Asp Tvr Asp Leu 

210 " 215 ' 220 

Asr? Asn Thr val mz asp sin Tvr Leu Lys Slu Ser lie Lys Phe Trp 

225 230 ' 235 240 

Lea Asp Lys sly tie Asp sly He Arg Val Asp Ala Val Lys His Met 



Leu Met ser Sly He Tyr Ser His Lys 

265 2?0 

pro val Phe Thr Phe sly slu Trp phe Leu sly Ser Sly Slu Val Asp 

275 280 ' 28 S 

pro Gin Asn His His Phe Ala Asn slu ser sly Met ser Leu leu Asp 

290 29$ 300 

rhe Gin Phe Gly Gin Thr lie Are Asn val Leu Lys Asp Arq Thr Ser 

30$ 310 315 ~ 320 

Asn Trp Tyr Asp Phe Asn Glu Met lie Thr ser Thr slu lvs Slu Tvr 

325 330 .355 

Asn Slu Val He Asp Sin Val Thr Phe lie Asp Asn His Asp Pet Ser 

340 345 350 

Arg Phe ser val sly ser ser ser Asn Arq sir Thr asp Met Ala Leu 

355 360 " 30$ 

Ala val Leu Leu Thr Ser Arq Gly Val Pre Thr lie Tvr Tyr Glv Thr 

370 375 ' 380 " 
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Glu Gin Tyr val Thr Gly Gly Asn Asp Pro Glu Asn Arg Lys pro Leu 
385 390 395 400 

Lys Thr Phe Asp Arg ser Thr Asn Ser Tyr Gin lie He ser Lys Leu 
405 410 415 

Ala Ser Leu Arg Gin Thr Asn Ser Ala Leu Sly Tyr Gly Thr Thr Thr 
420 425 ' 430 

Glu Arg Trp Leu Asn Glu Asn lis Tyr lis Tyr Glu Arq Thr Phe Gly 
43 S 440 445 

Asn Ser lie val Leu Thr Ala Val Asn ser Ser Asn ser ash Gin Thr 
450 455 460 

He Thr Asn Leu Asn Thr Ser Leu Pro Gin Sly Asn Tyr Thr Asp Glu 
465 470 475 ' 480 

Leu Gin Gin Arq teu Asn Gly Asn Thr He Thr Val Asn Ala ash Glv 
485 " 490 4m 

Ser val Ala Val Trp Sirs 



val ser As?"; Pre Ser Thr Ser Pre Leu lie Glv sin val Gly Pro Met 
SIS 520 " 525 

Met Gly Lys Ala Gly Asn Thr He Thr Val Ser sly Glu Sly Phe Gly 



Asp Glu Arg Gl 1 s Glu He lie 

S45 550 555 560 

Ser rrp Ser Asn Thr Lys He ser Val Lys Val Pro Asn Val Ala Glv 
565 570 575 * 

Gly Tyr Tyr Asn Leu Ser Val Val Thr Ala Ala Asn He tvs Ser Pro 
580 585 590 

Thr ryr Lys Glu Phe Glu Val Leu Ser Gly Asn Gin y?,l see val Arg 
595 600 60S 

Phe Gly val Asn Asn Ala Thr Thr ser Pro Glv Thr Asn Leu Tyr He 
610 615 ' 620 

val Gly Asn val Asn Glu leu Gly Asn Trp Asp Ala Asp tvs Ala He 
625 630 ' K 831 " SAO 

Gly pro ysat Phe Asn Gin val mi Tyr Gin Tyr pro Thr Trp Tvn Tyr 
645 * 6S0 ' 6S5 
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Asp lie ser val Pro Ala Gly Lys Asn Leu 6'lu Tyr Lys Tyr lie Lys 
660 ' ' 665 670 

Lys Asp Gin Asn Gly Asn Val Vat Trp Gin Ser Glv Asn Asn Are Thr 
6/5 680 6S5 

Tyr Thr ser Pro Thr rtn* Gly Thr aso rhr val Mei: lie Asn rro 
690 605 700 



clllns 1 a . * iophilus 



Met Arg Are Trp Leu Ser leu val Ley Ser Met Ser Phe val Phe Ser 
1 5 10 15 

Ala He Phft lie val ser Asp Thr Gin Lys Val Thr Val sly Ala Ala 
29 25 30 

Gly Asn leu Asn Lys Val Asn Phe Thr Ser Asp. Val val Tyr Gin lie 
35 40 " 45 

val val Asp Arg Phe Val Asp Gly Asn rhr ser ash Asn Pro ser Gly 
50 5$ 60 

Ala Leu Phe ser ser Gly Cys Thr Asn Leu Arq Lys Tyr Cys Gly Gly 
65 70 75 80 

Asp Trp Gin sly lie lie Asn Lys lie Asn Asp Gly Tyr Leu Thr Asp 



■ val rhr- Ala He Trp He Ser Gin Pro Val Glu Asn val 
100 105 110 



et sr.: Asp a] Ser Tyr His Gly i"\ Trp 



Ala Arg Asp Phe Lys Lys Pro Asn Pro Phe Phe L;y Thr Leu Ser asp 
130 IBS 140 

Phe Gin Arg eeu val Asp Ala Ala els Ala Lys Gly lis Lys val He 
145 ISO 155 * 160 

lie Asp ehe Ala Pro Asn His Thr Ser Pro Ala Ser Glu rhr Asn Pro 
165 170 175 

ser Tyr Met Glu Asn Gly Arg Leu Tyr Asp Asn Gly Thr Leu Leu Gly 
180 "185 ' 190 
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sly Tyr Thr Asn Asp Ala asp Hex Tvr phs His His Asn Gly Glv Thr 
185 200 " 205 

Thr Phe Ser ser t.eu 61 u asp Sly lis Tyr Arq Asn Leu Phe Asp Leu 
210 215 "" 220 

Ala Asp Leu A.sn His Gin Asn Pro val lis asp Are; Tyr leu Lys Asp 
22S 230 235 " * 240 

Ala val Lys Met Trp Ho Asp Met Gly lie asp Glv He Arc Met Asa 
24S 250 "* 255 

Ala Val Lys His Met Pro Phe Gly Trp Gin Lvs Ser Leu Met asd Glu 
260 ' 265 270 

lie Asp Asn Tyr Arq Pra val Phe Thr Phe Glv Glu Trp Phe Leu Ssr 
275 280 2S5 

Glu Asn clu val Asp Ala Asn Asn His Tyr Phe Ala Asn Glu ser Glv 
290 295 ■ 300 

\t-% Pie Gly Gin Lys Leu Arg Gin val im 
m 310 315 320 

Arg Asn Asn ssr Asp Asn Trp Tyr Gly Phe Asn Gin Met tie sin Asp 
325 330 335 

Thr Ala ser Ala Tyr Asp Glu val Leu Asp Gin Val Thr Phe lie Asp 
340 345 350 

Asn His Asp Met Asp Arq Phe Met ale Asp Gly Gly Asn Pro Arq Lvs 
355 360 355 " 

370 375 3 SO 

lie Tyr Tyr Gly Thr Glu Gin Tyr Met Thr Gly Asn Glv Asp pro Asn 
3S5 390 395 ' 400 

Asr Lys Met Met J s< he \sn - ~ Arq A yr Gin 

405 410 " 41$ 

Val lie Gin Lys Leu ser ser Leu Arq Arq Asn Asn Pro Ala Leu Ala 
420 425 4,30 

Tyr Gly Asp Thr Glu Gin Arg Trp Tie Asn Gly Asp Val Tvr Val Tyr 
43$ 440 ' 445 

Glu Arc? Gin Phe Gly Lys Asp val val Leu val Ala Val Asn Arq Ssr 
450 455 400 
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ser ser ser Asn Tyr ser lie Thr Gly leu Phe Thr Ala Leu Pro Ala 
465 470 47% 480 

Gly Thr Tyr Thr Asp Gin Leu Gly Gly Leu Leu Asp Gly Asa Thr xle 
485 490 " 495 

Gin val Gly ser Asn Gly ser val Asn Ala Phe Asp Leu Gly Pro Glv 
SQO 505 510 

Glu Val Gly Val Trp Ala Tyr ser Ala Thr Glu Ser Thr Pro Xle xle 
515 $20 525 

Gly His val Gly Pro Met Met Gly Gin val Gly His Gin val Thr lie 
530 535 $40 

Asp Gly Glu Gly Phe Gly Thr Asn Thr Gly Thr val lys Phe Gly Thr 
$45 $50 555 S60 

Thr Ala Ala asn val val Ser Trp ser Asn Asn Gin xle val val ala 
565 570 575 

val Pro Asn val Ser Pro Gly Lys Tyr Asn Xle Thr val Gin Ser ser 
580 585 590 

Ser Gly Gin Thr Ser Ala Ala Tyr Asp A$n Phe Glu Val Leu Thr Asn 
595 600 605 

Asp Gin val Ser Val Arg Phe Val Val Asn Asn Ala Thr Thr Asn Leu 
610 615 620 

Gly Gin Asn Xle Tyr lie val Gly Asn val Tyr Glu Leu Gly Asn Trp 
625 630 635 * 640 

Asp Thr Ser Lys ala lie Gly Pro Met Phe Asn Gin Val val Tyr Ser 



Tyr Pro Thr Trp Tyr Xle asp val Ser- val Pro Glu Glv lvs Thr lie 
660 665 ' 670 

Glu Phe Lys Phe xle Lvs lvs asp ser Gin Gly Asn val Thr Tro Glu 
675 680 ' 685 

Ser Gly ser asn His val Tyr Thr Thr pro Thr asn Thr Thr Gly tvs 
690 695 700 

lie He val Asp Trp Gin Asn 
70S 710 

<210> 16 
<211> 655 
<21Z> PPT 
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<213> Klebsiella pneumoniae 
<400s 16 

Met Lys Arg Asn An? Phe Phs Asn Thr Ser Ala Ala lie Ala lie Ser 
1 ' 5 10 IS 

lie Ala Leu Asn Thr Phe Phe Cys ser Met. Gin Thr He Ala Ala Glu 
20 " 25 30 

pro Glu Glu Thr Tyr Leu Asp Phe Arq Lys Glu Thr He ryr phe Leu 
35 40 ' 45 

Phe Leu Asn Are phe Ser Asp Gly Asp Pro ser A$n Asn Ala Glv Phe 
SO 55 ' 60 

Asn Ser Ala Thr Tyr Asp Pro Asn Asn Leu Lys lvs Tyr Thr (Sly Gly 
65 70 75 ' 80" 

Asp Leu Arq Gly Leu lie Asn Lys Leu Pro Tyr Leu Lys Ser Leu Gly 
85 30 ' $5 

Val Thr ser lie Trp Tie Thr Pro pro lie Asp Asn Val Asn Asn Thr 
100 105 110 

asp a 6l> *sn Th Cis Tyr His 6iy <) r 5 *P S h *rf *sp ryr 

115 120 125 

she Arg He Asp Glu His Phe Gly ASP Leu Asp Asp Phe Lvs Glu Leu 
130 135 140 

Thr ser Leu Met His see Pro Asp Tyr Asn Met Lys Leu val Leu Asp 
145 150 155 1:60 

Tyr Ala pro Asn His ser Asn Ala Asn Asp Glu Asn Glu phe Gly Ala 



Leu Ala 
ISO IS 5 " 190 

Ala Asn Thr Gly Trp Tyr His His Asn Gly Glv val Thr Asn Trp Asn 
195 200 205 

Asp Phe Phe Gin Val Lys Asn His Asn Leu phe Asn Leu Ser Asp Leu 
210 215 220 



yr €ln Tyr Leu Leu Asp si y ser Lys 

235 240 

Phe Trp lie Asp Ala Gly val asp AU Tie Arcs He Asp Ala lie Lys 

245 • 250 " 255 
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His. ; «r Phe lis Gin Lys rrs hf se? *sp lie ryr \sp 

260 2'65 270 ' 

Tyr ser Lys Ser fie Gly Arp Glu Gly Pha Phe Phe Phe Gly Glu Try 
275 ' 280 2S5 

Phe Gly Ala Ser Ala ash Thr Thr Thr Gly val Asp Gly Asn Ala He 
230 295 ' 300 ' 

Asp Tyr Ala Asn rhr Ser Gly Sar Ala Leu Leu Asp Phe Glv Phe Are 
303 310 315 * 320 

asp Thr Leu Glu Arg val Leu val Gly Arg Ser Gly Asn Thr mt Lys 
325 330 333 

Thr Leu Asn ser ryr Leu He Lys Arc Gin Thr val Phe Thr Ser asp 
340 345 350 

Asp Trp Gin val val phe Met asp Asn His Asp Met Ala Arq He Civ 
355 360 365 

Thr Ala leu Arq ser Asn Ala Thr Thr Phe Gly pro Gly Asn Asn Glu 
370 3/3 380 

rhr Gly Gly Ser Gin ser 61 a Ala phe Ala Sin Lys Arq He Asp Leu 
385 390 393 ' 400 

Gly Leu val Ala Thr Met Thr val Arq «ly He pro Ala He Tyr Tyr 
405 410 415 

Gly Thr Glu His Tyr Ala Ala asp Phe Thr ser Asn Ser Phe Gly Gin 
420 ' 423 430 

Val Gly ser Asp Pro Tyr Asn Are Glu Lys Met Pro Gly Phe Asp Thr 



Glu ser Glu Ala Phe Ser lie lie lvs Thr Leu Gly Asp Leu Arq Lys 

450 45 5 460 

ser ser Pro Ala lie Gin Asn Gly Thr Tyr Thr Glu Leu Trp val Asn 

463 470 475 480 

Asp Asp He Leu val Phe Glu Arq Arg Ser Gly Asn Asp He val He 



,1a Asn Thr rl 
505 



si Tyr pro ser Leu lie Gly Asn Asn ser 
520 " §25 
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ser - Km Thr ihr 1-r - s c" - n 

530 " 535 540 

Val val xle Arc? ser Gin ser Asp Asp Ala Glu Asn pro Thr val Gin 
545 550 SSS 560 

Ser lie Asn Phe Thr Cys Asn ash sly Tyr Thr lis Ser Gly Gin ser 
565 " 570 m 

val Tyr lie He Gly Asn He Pro Gin leu Glv Civ rrp asd Leu Thr 
580 585 • $90 

Lys Ala val Lys Xle ser Pro Thr Gin Tyr Pro Gin Trp ser Ala ser 
595 600 60S 

Leu Ghj Leu Pro ser Asp Leu ash val Glu rrp tys cys val tys Arg 
6X0 81,5 620 

Asn Glu Thr Asn Pro Thr Ala Asn Val Glu Trp Gin Ser Glv Ala Asn 
S3 5 630 63 S * 640 

ash sin Phe Asn Ser Asn asp Thr Gin Thr Thr Asn Glv ser Phe 
645 650 ' SSS 

<zm> I? 

<211> 686 
<212> PR'T 

<2H> Bacillus stea rofchernsophi 1 us 
<400> 17 

ser ser ser Ala ser val tys Gly Asp val He Tyr Gin xle He lis 
•'• 5 10 15 

Asp Arg PHe Tyr Asp Gly Asp Thr Thr Asn Ash Asn Pro Ala Lvs Ser 
20 25 30 

Tyr Gly Leu Tyr asp Pro Thr Lys ser tys Trp Lys Met Tyr Trp Gly 
35 40 45 

Gly Asp Leu Glu Gly Val Arg Gin Lys Leu Pro Tyr Leu Lys Gin Leu 
SO 55 60 

Gly val Thr Thr lie Trp Leu Ser Pro Val Leu Asp Asn Leu asd Thr 
^ 7.9 7$ ' SO 

Leu Ala Gly Thr Asp Asn Thr Gly Tyr His Glv Tyr Tro Thr Arq Asn 
85 90 9S" 

Phe Lys Gin He Glu Glu His Phe Gly Asn Trp Thr Thr nfie Asp Thr 

ioo los no 

Leu val Asn Asp Ala His sin Asn Gly He tys val He val asp Phe 



a o m <ao ; p* * nv\> - - man 



val pro ash His ser rhr Fro Phe t.vs Ala ash asp ser Thr Phe Ala 
130 13S 140 

Glu <3l y Slv Ala Leu Tvr A$n Asn Aiv 'rhr Tyr Met Gly ash Tyr Phe 
145 ' * 150 "135 160 

ASS ISO ' i I \ , I sr Ph< f isn Gly ASp I 

16 S ' * 170 175 

Trp Asp Asp Am Tvr Slu Ala G'io Trp i.vs Asn Phe. Thr asd Pro Ala 
ISO " 185 ' IBS 

slv phe Ser Leu Ala Asp Leu ser Gin Glu ash sly Thr lie Ala Gin 
1SS 200 ' 205 

rvr teu rhr Asp Ala Ala val Gin leu val Ala His Gly Ala Asp Gly 
" 210 21S 220 ' 

Leu acq lie Asp Ala val tys His Phe asp. ser sly Phe ser tys ser 
223 230 235 240 

leu Ala Asp i.ys Leu Tyr Gin Lys Lys ASp lie phe Leu val Gly Sly 
245 250 255 

Trp Tyr sly Asp Asp pro Sly Thr Ala asp. His Leu Glu Lys val Arg 
200 265 270 

Tvr Ala Asn Asn Ser Sly val asp Val Leu Asp Phe Asp Leu ash Thr 
273 280 m 

val lis Arq ASH val phe slv Thr Phe Thr Gin Thr Met Tyr Asp Leu 
290 " 293 300 

Asn Asn Met val Asn sin Thr Gly Asn Glu Tyr Lys Tyr Lys slu Asn 
305 310 315 " * 320 

Leu He Thr phe He Asp Asn His Asp wet Ser Arq Phe Leu ser Val 
325 330 335 

Asn ser Asp lys Ala Asn Leu His Gin Ala leu Ala Phe lie Leu Thr 
340 345 350 

Ser Are Slv Thr Pro ser lie Tyr Tyr Gly rhr slu Gin Tyr mx Ala 
" 3.SS 360 365 

Glv Slv Asn Asp Pro Tvr Asn Arq sly Met Met Pro Ala Phe asp Thr 
370 * 375 3S0 

Thr Thr Thr Ala Phe Lys Glu val Ser Thr Leu Ala Sly Leu Arg Arg 
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385 390 395 400 

ash ash Ala. Ala .tie Gin rvr Gly Thr Thr Thr Gin Arq rro lie Asn 
405 ' * 410 " 1 41S 

Asn asd val Tyr lie Tyr elu Arcs u'& Phe Phe ash Asp val val Leu 
420 m 430 

val Ala He Asn Arq ash Thr Gin ser ser ryr Ser lie Ser Gly Leu 
43 S 440 445 

Gin Thr Ala teu Pre ash Gly ser Tvr Ala asd Tyr Leu ser Gly Leu 
4 SO 455 460 

Leu Gly Gly Asn Gly lie ser val sen Asn Gly ser val Ala Ser phe 
465 ' ' 470 471 480 

Thr eeu Ala Pro Gly Ala val Ser Val Ten Gin Tyr Ser Thr ser Ala 
485 490 49$ 

Ser Ala Pro Gin He Gly ser Val Ala Pro Asn Met Gly He Pro Gly 
S00 SOS * 510 

Asn val Val Thr He Asp Gly Lys Gly p'm Sly Thr Thr Glrs Gly Thr 
SIS 520 525 

val Thr Phe Gly Gly val Thr Ala Thr Val Lys Ser Trp Thr Ser Asn 
S30 535 " S40 

Are. He Glu Val Tyr Val Pro Asn Met Ala Ala Gly Leu Thr Asp Val 
545 550 555 S60 

Lys Val Thr Ala Gly Gly Val Ser Ser Asn Leu Tyr ser Tyr Asn He 

"TP ' s?0 ' ' C7C, 



Leu ser Gly Thr Gin Thr Ser val Val ehe Thr val lvs Ser Ala Pro 
580 m ' 590 

Pro Thr Asn Leu Gly Asp Lys He Tyr too Thr Gly Asn He Pro Glu 
m 600 ■ ' 605 

Leu Gly ask Trp ser Thr Asp Thr ser Gly Ala val Asn Asn Ala Gin 
610 615 " 620 

Gly pro Leo Leu Ala Pro Asn Tvr Pro Asp Trp Phe Tyr val Phe s<?r 
625 630 " 635 640 

val Pro Ala Gly Lys Thr He Gin Pha Lvs Phe phe He Lvs Arcs Ala 
64$ 650 * 655 

Asp cly Thr He Gin Trp Glu Asn Oly sen Asn His Va"! Ala Thr Thr 
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665 



f»ro Thr Gly Ala T'nr cHy Asn lie Ihr val Thr Trp tVln Asn 
675 680 685 
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